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I. ABSTRACT 
Objective: Vitamin D deficiency is prevalent worldwide. While vitamin D 
deficiency’s role on caries development has been long suggested, it has yet to be 
confirmed. The aim of this study was to investigate the association between 
vitamin D level and coronal and root caries in the U.S. 
Methods: This study analyzed National Health and Nutrition Examination Survey 
2001-2004 data for individuals 6-65 years old. Vitamin D 25(OH)D serum levels 
were defined according to the Endocrine Society guideline into: Sufficient 
>75nmol/L, Insufficient 51-75 nmol/L and Deficient < 50 nmol/L. Descriptive and 
bivariate analyses were conducted on coronal dental caries (DMFT and dft) by 
serum 25(OH)D level. Multiple regression models were conducted controlling for 
confounding. Descriptive, regression models, and survival analysis were 
conducted to assess the relationship between total vitamin D intake and root caries 
among men (48-93 years) using the Dental Longitudinal Study (DLS) data. Total 
vitamin D intake was classified according to the Institute of Medicine definition: 
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<400IU/day, 400-800IU/day and >800IU/day.  
 Results: Children (6-11Y) with insufficient levels of vitamin D (50-75 nmol/L) have 
marginally higher odds of having dental caries experience in their primary teeth 
compared to those with sufficient serum levels (OR=1.3, p=0.067). No significant 
associations were found between DMFT and vitamin D serum level before and 
after controlling for confounding (P>0.05). Cross-sectional analysis of the DLS 
baseline data showed that higher total vitamin D intake is associated with higher 
level of root caries (OR=1.2, P=0.011). Repeated measure regression analysis of 
multiple cycles of DLS data, however, showed that vitamin D total intake was not 
significantly associated with the level of root caries. Survival analysis also showed 
no association (P=0.89). 
Conclusion:  The results suggest that there is no significant association 
between vitamin D levels and coronal or root caries in permanent teeth. In 
contrast, lower serum vitamin D levels might be associated with higher caries 
levels in primary teeth. The results of this study, while adding new information, 
provide inconclusive evidence of the association between vitamin D and dental 
caries. Further investigation is needed to deepen our understanding of the role of 
vitamin D on dental caries development. 
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II. INTRODUCTION 
Dental caries is one of the most prevalent chronic diseases worldwide. It is highly 
widespread in developing countries, predominantly in the middle and high 
income developed countries (Dye et al. 2015a). Between 2005-2008, more than 
one out of every five people in the United States had untreated dental caries. 
Although dental caries prevalence has been declining over the past decades, this 
decline differs across the various ethnic groups, socioeconomic status levels and 
other factors (Dye et al. 2012). Dental caries can be detrimental to quality of life, 
it can negatively impact chewing, speech, and sleep patterns and it has shown to 
decreases work efficiency, among other effects (Corrêa-Faria et al. 2015). 
 Epidemiological studies have shown that oral disease, like other major 
chronic diseases, is multifactorial (Selwitz et al. 2007). The Surgeon General in 
both his “Oral Health in America” and the “National Call to Action to Promote Oral 
Health” reports described how nutritional status is considered to be a major factor 
in most multifactorial oral diseases (U.S. Department of Health and Human 
Services 2008; U.S. Department of Health and Human Services 2003). A number 
of studies have proven the presence of a strong association between balanced 
nutrition and good overall health, along with direct links between nutrition and 
many oral and systemic diseases.  
 Vitamin D deficiency is a prevalent problem worldwide. This problem is 
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especially obvious in obese, dark skinned children and adults and for inhabitants 
of Northern latitudes. A cardinal cause of this is the scarceness of this vitamin in 
the diet relative to the other vitamins`(Wang et al. 2008; Tsiaras et al. 2011). 
  Vitamin D deficiencies were first linked with increased dental caries back in 
the 1920s. Further investigation was conducted between the two World Wars to 
explore the link. In 1924, a research was conducted to evaluate associations 
between dietary vitamin D and tooth calcification and had found that diets 
sufficient in vitamin D resulted in more calcified teeth and limited spread of dental 
caries (Mellanby et al. 1924). In addition, an experimental study showed that 
animals fed diets with adequate amounts of vitamin D had better quality 
secondary dentine formed (Mellanby et al. 1928). In a clinical trial conducted on 
children 8-14 years of age, the group who ate vitamin D rich diet had a noticeable 
reduction of dental caries compared to the control groups with less to none of 
vitamin D. (McBeath 1934). 
 However, most of the prior research doesn’t meet contemporary standards 
of study design. These studies lacked modern randomization and/or double 
blinding procedures, which introduces a number of biases and weakens the 
results of their findings. Furthermore, most of the available studies were 
conducted prior to the discovery of serum 25-hydroxyvitamin D (25(OH)D) and 
they used an outdated methodology to measure vitamin D levels. 25(OH)D is a 
stable metabolite of vitamin D, with a half-life of three weeks. It is considered to 
be the best indicator of vitamin D supply in the body. Before its discovery, bone 
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diseases, like rickets and osteomalacia, were considered to be indicators of 
vitamin D deficiency (Thacher et al. 2011). Moreover, lifestyle was quite different 
60 years ago. Sun exposure was encouraged and was considered to be 
important for good overall health. Fluoride use and water fluoridation were less 
prevalent than today, and diets contained less carbohydrate, which are important 
factors in the development of dental caries (Hujoel 2013). 
 More recent investigations have been done around the globe. A few cross 
sectional studies examined the association between dental caries in primary 
teeth and children’s vitamin D serum level, and reported significant positive 
associations ( Schroth et al. 2013; Schroth et al. 2015; Kühnisch et al. 2015). The 
effect that maternal vitamin D intake has on offspring caries experience was 
assessed using Japanese mother-child pairs. It revealed that the risk reduction of 
dental caries for every microgram increase of maternal daily vitamin D intake 
during pregnancy was 6% (Tanaka et al. 2015). However, most of the current 
studies recruited small sized samples. Few to none examined potential 
associations in the US population, or explored the effect of vitamin D on 
permanent teeth among young and older adults  
 Therefore, the main aim of this study is to further investigate the association 
between vitamin D levels and dental caries in the U.S. population across different 
ages and demographics. In addition, this study will assess the relationship 
between root caries and vitamin D intake in older American men. 
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LITERATURE REVIEW 
A. Dental Caries 
Dental caries is destruction of dental hard tissue as a result of acidic by-products 
from bacterial dietary carbohydrates fermentation (Selwitz et al. 2007). Bacterial 
species like Streptococcus mutans, Streptococcus sobrinus, Actinomyces and 
Lactobacillus are known to colonize tooth surfaces via biofilms or dental plaque 
(Tanner et al. 2011; García-Godoy et al. 2008). Biofilms can be found on coronal 
or root surfaces, causing caries if the optimal environment is provided, i.e. 
sufficient amounts of water and nutrients and the lack of preventive behaviors 
(cleaning teeth), among other factors. (Kidd et al. 2004).  
 Between 2011-2012, the prevalence of dental caries in U.S adults, aged 20 
to 64 of years, was 91% (Dye et al. 2015b). Children also are affected by dental 
caries, with early childhood caries or ECC being one of the most prevalent 
chronic diseases affecting children aged 72 months and younger. In the U.S., an 
estimated 37% of children between 5-8 years of age had dental caries in 2010-
2011(Dye et al. 2015a). Root caries, on the other hand, is considered a major 
public health problem for adults and the elderly. An analysis of the National 
Health and Nutrition Examination Survey (NHANES) 1999-2004 showed that the 
prevalence of root caries among adults aged 20-35 was 10.4%, 31% among 50-
64 year olds, and 36% among 65 and older (Dye et al. 2007). The older adult 
population represents 14.1% of the U.S, and it is anticipated that by 2040 the 
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number of older individuals will reach approximately 82.3 million, which will 
concurrently increase the number of root surfaces that are potentially susceptible 
to caries (Administration on Aging, 2014; Kaye et al. 2015). 
 
B. Vitamin D 
Vitamins are organic compounds that cannot be synthesized by the human body 
in adequate amounts. They are required to maintain the body’s health and 
function. Vitamins are classified into two main categories: fat-soluble and water-
soluble. Fat-soluble vitamins dissolve in lipids and are stored in body tissues. In 
contrast, water-soluble vitamins are not stored and are instantly used up by the 
body. Vitamin D is one of the fat-soluble vitamins, and is more precisely a 
prohormone, rather than a vitamin because it is primarily produced in the skin 
and not really an essential dietary factor. Nonetheless, food like fatty fish, beef 
and eggs are good sources for vitamin D. Vitamin D blood levels are a reflection 
of person’s nutrition and sun exposure. During sun exposure, the skin 
synthesizes vitamin D from pro-vitamin D 7-dehydrocholesterol (7-DHC) after 
ultra violet B irradiation (Norman 2008). This synthesis is responsible for about 
90-95% of the body’s vitamin D. However, the trend in increased use of 
sunscreens has affected this process, contributing to the low vitamin D blood 
levels in relevant populations (Holick et al. 2011).  
 Vitamin D, along with vitamins A and C, are essential for the proper 
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development and calcification of tooth structure, and is one of the most important 
biological regulators of calcium metabolism. In general, vitamin D plays a major 
role in both the pathogenesis and prevention of dental caries. Many mechanisms 
have been suggested by which vitamin D reduces the occurrence of dental 
caries. One of these mechanisms is the “topical fluoride-like effect”; where the 
optimal vitamin D levels yield better tooth structure development and 
mineralization. Other studies have linked vitamin D to the immunological factors 
which resist the caries process (Hujoel, 2013). 
 
Vitamin D Blood Level 
To measure and evaluate blood serum vitamin D level, 25-hydroxyvitamin D 
(25(OH)D) blood level is used. It is considered the most appropriate form of 
circulating vitamin D with a half- life of almost three weeks. It reflects the amount 
of vitamin D both consumed or produced from sun exposure (Holick 2009; 
Thacher et al. 2011). 
Presently, there remains no agreement on the optimal plasma levels of 
vitamin D, and cut-points have yet to be clearly established. The U.S. Preventive 
Services Task Force reports several reasons for this issue. One reason is the 
different assays used to investigate vitamin D serum levels, which leads to a 4-
32% range of variability in categorizing vitamin D between normal, sufficient, 
deficient or severely deficient (U.S. Preventive Services Task Force 2014). 
Another important question that has not been clearly answered, is whether these 
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cutoff points properly reflect normal vitamin D levels in different ethnic groups. 
Many experts define the optimal recommended vitamin D levels for all 
children and adults throughout the year as a 25(OH)D serum level of >30 ng/mL 
(>75 nmol/l). Vitamin D deficiency is defined as <20 ng/mL (<50 nmol/l), and 
insufficiency as a serum 25(OH)D level of 21–29 ng/ml (52.4-72.4 nmol/l) (Holick 
2009). The Office of Dietary Supplements of the National Institutes of Health has 
reported that there is currently insufficient evidence to recommend a specific 
upper limit of serum 25(OH)D to indicate vitamin D sufficiency. Numerous 
studies, however, have agreed that serum concentrations of 25(OH)D higher 
than 28 ng/ml (70 nmol/l) are beneficial for human health (Vieth 2004; Mosekilde 
2008; Bischoff-Ferrari et al. 2006; Holick 2006). 
Vitamin D Dietary Intake 
Epidemiological studies use several indices to assess the relationship between 
nutrition and diseases risk, one of which is the food frequency questionnaire 
(FFQ), which assesses individuals’ foods and beverage consumptions over a 
period of time. One frequently used questionnaire is the Harvard FFQ, consisting 
of 126 items. Vitamin D consumption can be calculated using the HFFQ 
measured in international unit per day (IU). 
Vitamin D supplementation and dosage is a suggested 1000 IU per day 
which increases 25(OH)D levels by an average of 10 ng/mL over 3-4 months 
of regular intake (Cannell et al. 2008). In order to reach optimal vitamin D 
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levels, (i.e. >30 ng/ml) a suggested daily dosage of 1000 IU vitamin D 
supplementation for infants and children, and 2000-3000 IU for adults and the 
elderly is currently recommended. However, other researchers suggest 
supplementation of 400 IU for age 1 year and younger, 600 IU for children 
older than 1 year, at least 600 IU for adults and 800 IU for the elderly (Moore 
et al. 2004; Holick et al. 2011; Looker et al. 2011). Many considerations, such 
as body mass index and skin color, should be taken into account when 
identifying appropriate levels of vitamin D supplementation, since obesity and 
darker skin colors increase the need for vitamine D supplementation, 
whereas weight loss may reduce the need (Matsuoka et al. 1991; Wortsman 
et al. 2000). 
Vitamin D Status in The USA 
An estimated one quarter of the U.S. population is at risk of vitamin D 
insufficiency (serum 25(OH)D 30–49 nmol/L), while, 8% have vitamin D 
deficiency, (serum 25(OH)D < 30 nmol/L) (Souberbielle et al. 2013; Looker et al. 
2011). The 2005 to 2006 NHANES data investigated the prevalence of vitamin D 
deficiency in the U.S., and reports that, overall, around 42% of the population 
had deficient levels of vitamin D. The greatest impact was found among Blacks 
(82%) and Hispanics (96%). Education level, socioeconomic status and BMI 
among other factors were strongly associated with decreased levels of vitamin D 
in the blood. (Forrest et al. 2011). A study done in Boston USA found that 30% of 
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young adults were vitamin D deficient (<20 ng/mL 25(OH)D) at the end of winter, 
while 11% were deficient at the end of summer (Alfred Denio 2016). Another 
study has analyzed the third NHANES and found that women had lower levels of 
vitamin D when compared to men (P = 0.003). It also showed that vitamin D 
levels for White men and woman were higher compared to Hispanic or Blacks 
respectively (P <0.0001) (Zadshir et al. 2005). 
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C. Vitamin D and General Health 
Vitamin D is vital for ideal bone formation, which it achieves by enhancing 
and maintaining optimal levels of calcium and phosphate. At early ages, bone 
mineralization is affected when vitamin D is severely deficient, which in turn 
increases the risk of childhood rickets, bone deformities, bone fractures and 
osteomalacia. It can also delay development in children and cause childhood 
hypocalcemic seizures (Ward et al. 2007). 
Research on vitamin D effects on the general health has become a hot 
topic over the past few years. Historically, vitamin D and a number of diseases 
has been linked, it primarily includes rickets in children, and osteopenia, 
osteoporosis, bone fractures and  muscle problems in adults (Bischoff-Ferrari et 
al. 2007; Ward et al. 2007; Holick et al 2008). Since the 1930s, Rickets in the 
United States and Europe has been prevented by adding 100 IU vitamin D2 per 8 
ounces milk (Holick et al. 2008). More recently, other health problems, including 
depression, mental health, and physical function have all been linked to vitamin 
D deficiency. This is especially a problem for the elderly, who spend most of their 
time indoors, away from the sun, and also experience age-related reduced skin 
vitamin D synthesis ability (Lips, P. 2001). While a suggested relationship, there 
is still insufficient evidence to link between vitamin D deficiency and 
cardiovascular disease in adults and elderly. However, vitamin D 
supplementation, has been shown to be related to reduced mortality rates and 
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might improve the prognosis of cardiovascular diseases (Michos et al. 2007). A 
meta-analysis of the current literature detected a consistent relationship between 
vitamin D and gestational diabetes mellitus (GDM). Women with 25(OH)D, as low 
as 4.93 nmol/L, had 1.53 the odds (CI 1.33-1.75 ) of developing GDM (Zhang et 
al. 2015). A review done on the immunomodulatory properties of vitamin D found 
that it could help in the treatment of allograft rejection and autoimmune diseases 
such as collagen-induced arthritis, inflammatory bowel disease and systemic 
lupus erythematosus (Mathieu et al. 2002). 
D. Vitamin D and Oral Health 
The relationship between vitamin D and oral health has been shown to be 
bidirectional. A balanced diet can manifest as healthy dental structure and 
integral surrounding tissues. Vitamin D also has a direct effect on disease 
progression and immunity function. On the other hand, oral diseases can 
negatively affect their individual’s nutritional status by impairing their ability to 
chew, which in turn could affect their nutritional choices (Touger-Decker et al. 
2003; Palacios et al. 2009; Doichinova et al. 2015). Vitamin D plays a major 
role in maintaining good periodontal health for various reasons. First, it plays 
a major role in regulating musculoskeletal health, where it enhances the 
absorption of both calcium and phosphate from the intestine, optimizing the 
conditions for better bone mineralization. Vitamin D also functions as an 
antibiotic, inhibiting inflammatory mediators that contribute to periodontal 
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destruction (Stein et al. 2011). The NHANES III was analyzed to evaluate the 
relationship between vitamin D serum levels and periodontal disease on 
subjects aged ≥20 years, and found no significant association between 
25(OH)D3 and attachment loss (AL) in men and women younger than 50 
years. However, they found that lower serum 25(OH)D3 concentrations were 
significantly associated with higher AL (P = 0.001 for the men and 0.008 for 
the women) (Dietrich et al. 2004).  A longitudinal study assessing the effects 
of the daily vitamin D intake on periodontal health found an inverse 
association between vitamin D intake and periodontal disease progression. 
They found that lower odds of severe and moderate-to-severe periodontal 
disease was associated with the intake of ≥ 800 IU (OR = 0.67, 95% CI = 
0.55-0.81) and (OR = 0.54, 95% CI = 0.30-0.96) respectively (Alshouibi et al. 
2013). Vitamin D and calcium supplementation were found to increase tooth 
retention in a randomized clinical trial. During the 3-year follow-up, 13% of 
subjects taking vitamin D and calcium supplements lost one or more teeth 
compared to 27% of the placebo group (OR = 0.4; 95% CI: 0.2 to 0.9). 
Furthermore, 40% of the test group lost one or more teeth in the 2-year 
follow-up  period compared to 59% of the placebo group (OR = 0.5; 95% CI: 
0.2 to 0.9) (Krall et al. 2001). Optimal levels of 25(OH)D also showed 
reduced gingival bleeding by 20% in a study comparing between subjects 
with low and high serum levels (P <0.001) (Dietrich et al. 2005). 
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E. Vitamin D and Dental Caries 
Although dental caries has been declining since the 1960s, it is still considered a 
highly prevalent, chronic disease in the USA. An analysis done on NHANES 
2011-2012 showed around 23% of children aged 2-5 years have dental caries in 
their primary teeth. In addition, approximately three in five children aged 12-19 
had experienced dental caries on their permanent teeth. Around 15% of children 
had untreated caries, while approximately 91% of adults aged 20-64 suffered 
from untreated dental caries. Racial and ethnic disparities in caries prevalence 
continue to persist in the United States among all age groups (Cannell et al. 
2008). 
Vitamin D is usually considered to be an indicator of good overall health, 
rather than a marker for a disease. The role of vitamin D in dental caries 
experience has been studied in a number of observational and randomized 
clinical trials. The results however, are confusing and led to a number of 
controversies in regards to the role of vitamin D on the prevention of dental 
caries if any, and on the type, dosage, and age for an effective supplementation. 
Vitamin D levels tend to be the lowest during late winter and early spring and that 
dental caries occurrence reaches its peak during these periods as well, 
suggesting a correlation between the two (Bouillon et al. 1987). 
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A number of mechanisms by which vitamin D reduces or prevents dental 
caries have been suggested. One of those suggested mechanisms is the 
exposure to optimal levels of vitamin D early in life; as early as in utero, when 
tooth structure starts to develop. The early exposure would decrease the 
occurrence of enamel hypoplasia, which in turn leads to a reduction of dental 
caries risk (Stimmler et al. 1973). A cohort study done by Schroth et al., studied 
the relationship between neonatal vitamin D levels starting from the second 
trimester (when the maxillary incisor enamel begins to calcify) through to full 
term. It showed that mother’s prenatal vitamin D supplementation reduced the 
risk of early childhood caries (ECC) experience in offspring (p=0.05). However, 
while the relationship between dft scores and maternal deficient 25(OH)D levels 
(<35 nmol/L) during pregnancy was found to be insignificant, they did find that dft 
scores and optimal maternal 25(OH)D levels are significantly associated P=0.03 
(R. J. Schroth et al. 2014). 
Another mechanism is the topical fluoride-like effect. This effect potentially 
combats dental caries by playing a major role in the tooth’s remineralization 
process in response to caries. A persistent hypothesis – at least since the 
1930s–  is that vitamin D modulated caries activity through immunological 
factors, through a direct effect on the amount and biochemical composition of the 
salivary fluid, which acts as the first line of defense against dental caries 
pathogens  (Hujoel 2013).  
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A systematic review was conducted in 2013, assessing controlled clinical 
trials (CCT) which investigated the effect of vitamin D supplementation on dental 
caries prevention. They suggested that caries could be prevented with sufficient 
vitamin D supplementation at an early stage of life. Twenty-four CCTs were 
included: 2 were conducted in 1975 and 1989, and 22 between World Wars I and 
II. With low certainty, they have concluded that vitamin D supplementation may 
help reduce dental caries and maybe prevent caries when provided at an early 
age by 47% (Hujoel 2013). An umbrella systematic review examining the role of 
vitamin D on human diseases and health-related traits has been conducted. It 
summarized systematic reviews and meta-analyses performed with observational 
studies and randomized controlled trials that studied this hypothesis. Among their 
results, they found that vitamin D supplementation is probably linked to a 
decrease in dental caries for children, but that more robust investigations are 
required to draw stronger conclusions. (Theodoratou et al. 2014). 
 The study of vitamin D effects on oral health, and especially dental 
caries, has been valued in recent years. A good number of current studies have 
been conducted to assess the association between vitamin D and dental caries 
in children. A cross-sectional study investigated the nutritional profiles of children 
with severe early childhood caries (S-ECC) compared to those who are caries 
free. They found that those with S-ECC had three times the odds of vitamin D 
deficiency (<35 nmol/L), while those who are caries free were twice as likely to 
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have optimal levels (≥75 nmol/L) (Schroth et al. 2013). A prospective cohort 
study done with 207 mother-child pairs, found that about 90% of the mothers had 
below optimal 25(OH)D levels (≥75 nmol/L). The results found that infants (1 
year) of mothers who had optimal 25(OH)D levels (≥75 nmol/L) had statistically 
lower mean dft scores than those with mothers with levels below this threshold (P 
= 0.03) (R. J. Schroth et al. 2014). Another study examined the association 
between dental caries and 25(OH)D on 10-year-old German children (N=1,048) 
and molar-incisor hypomineralization (MIH). They found that the higher the 25(OH)D 
levels, the lower the MIH. Higher 25(OH)D values were also associated with 
fewer caries-affected permanent teeth and better overall dental health (Kühnisch 
et al. 2015). Another cross sectional study assessed the effect of low levels of 
vitamin D on dental caries among 106 women, aged 20 to 30 years old. They 
found that about 30% of women suffered from vitamin D insufficiency (21–29  
ng/mL) and found that 25(OH)D levels among highest caries group vs. the rest 
was 23 ±1.7 vs. 26 ±1 ng/mL respectively (Antonenko et al. 2015). Tanaka et al. 
(2015) examined the effects of prenatal intake of vitamin D on the risk of dental 
caries in their offspring. They found that primary teeth dental caries and maternal 
vitamin intake had a linear relationship, where higher maternal vitamin D intake 
during pregnancy was associated with a reduced risk of dental caries for their 
offspring.
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F. Summary of Literature Review 
The literature suggests mounting evidence for the beneficial role of vitamin D in 
periodontal and dental health. In adults and the elderly, optimal vitamin D intake 
and serum levels were found to have a positive effect on periodontal health and 
preventing osteoporosis, which in turn has a beneficial effect on tooth retention. 
For children and adolescents, the literature shows that optimal maternal vitamin 
intake improves tooth structure mineralization in their offspring, and hence 
reduces the risk of early childhood caries. In addition, children with sufficient 
25(OH)D serum levels have lower odds for dental caries. However, a number of 
limitations are found upon reviewing the literature about vitamin D and dental 
caries, including small sample size, faulty study designs, and bias introduction. 
Furthermore, no study has investigated the association between vitamin D and 
dental caries in adults or the elderly, nor has there been a study examining the 
effect of vitamin D on root caries in the elderly. Therefore, this study aims to 
further investigate the association between vitamin D and coronal or root dental 
caries among different age groups in the U.S. population. 
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G. AIM OF STUDY 
The objectives of this study are:  
Objective 1: Vitamin D and Coronal Caries 
1) To determine the association between serum vitamin D level and dental 
caries in primary teeth in children aged 6-11 years in the US using NHANES 
2001-2004.  
2) To determine the association between serum vitamin D level and dental 
caries in permanent teeth in individuals aged 12-65 years in the US using 
NHANES 2001-2004.  
3) To investigate the factors that influence the association between serum 
vitamin D level and dental caries in the US population, such as age, gender, 
race/ethnicity, BMI in the US population using NHANES 2001-2004.  
Objective 2: Vitamin D and Root Caries 
To investigate the relationship between vitamin D intake and root caries in older 
American males using DLS cycle 7-13.
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III. METHODS 
OBJECTIVE 1: 
DATA SOURCE: NHANES 
 
To fulfill the first objective of this study, data from 21,161 subjects who 
participated in the National Health and Nutrition Examination Survey (NHANES) 
2001-2004 was used. This survey is conducted to assess the health and 
nutritional status of adults and children in the United States using a complex 
stratified probability design that is nationally representative of the 
noninstitutionalized civilian population of the United States. NHANES is a major 
program of the National Center for Health Statistics (NCHS), which is a part of 
the Centers for Disease Control and Prevention (CDC) (Dye et al. 2004).  
Every year, since 1999, a total of 5000 persons located in counties across 
the country, including all 50 states and the District of Columbia comprised the 
NHANES data. For specific public health interests, particular subgroups are 
oversampled in order to increase both the precision and reliability of their health 
status estimates. The data are appropriately weighted to reflect proportionate 
national estimates. Between 1999 and 2006, the following groups were 
oversampled: Mexican-American and Black individuals, those below 130% 
federal poverty levels, and adolescents 12-19 years (Johnson et al. 2013). 
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NHANES 2001 to 2004 collects information through a combination of in-
person interviews that include demographic, socioeconomic, dietary, and health-
related questions. Physical examinations are performed by highly trained and 
calibrated medical personnel at a mobile examination center (MEC). 
Examinations consist of medical, dental, and physiological measurements, as 
well as laboratory tests. Further details of NHANES description and protocol can 
be accessed elsewhere. (The Centers for Disease Control and Prevention 2016). 
Based on the inclusion criteria of having complete blood lab tests and oral 
examination records, the observations for individuals less than 6 years old were 
excluded, as NHANES 2001-2002 did not include serum 25(OH)D concentrations 
for children under 6 years of age. This resulted in a final sample size of 12,102 
subjects in our analysis. 
HUMAN SUBJECT APPROVAL 
NHANES 2001–2004 was approved by the National Center for Health Statistics 
Institutional Review Board (IRB), informed consent were provided to participants 
18 years and older and to the caregivers of participants aged less than 7. Both 
self and parental was obtained for Individuals aged between 7-11 years old.  
Research utilizing publically available, de-identified NHANES data is 
previously determined to be “not human subject research” by The Institutional 
Review Board of Boston Medical Center and therefore was exempt from review.  
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DISCRIBTION OF STUDY VARIABLES 
Outcome: Dental Caries 
Dental examinations were carried out by U.S. licensed dental providers on all 
participants aged 2 years and older in the MEC. Examinations included tooth 
count and coronal caries inspection of all teeth except for the third molars. Using 
a No. 23 explorer and a mirror, teeth were examined under artificial light. The 
tooth surface was dried with compressed air as needed and recorded as carious 
if any untreated carious lesion was detected. More information concerning the 
NHANES dental examination procedures are presented elsewhere (Dye et al. 
2007, 19; Dye et al. 2008). 
In this study, dental caries experience was examined using the Decayed, 
Missed and Filled index (DMFT) of the permanent teeth for adolescents, young 
and older adults (12 to 65 years) and (dft) for the primary teeth of children (6 to 
11 years). ‘D/d’ is used to signify the number of permanent/ primary teeth with 
active dental caries, ‘M’ for any missed permanent teeth due to dental caries and 
‘F/f’ for the number of restored permanent/ primary teeth but free of dental caries. 
 
Predictor: Serum Vitamin D (25-Hydroxyvitamin D) 
Blood measurements used in this study were performed as part of the NHANES 
2001–2004 survey. Serum vitamin D blood level was measured using the 
Diasorin (formerly Incstar; Diasorin, Stillwater, MN) 25(OH)D assay. Three levels 
of control specimens were used to assess the quality of each 25(OH)D run. 
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Serum specimens were processed and analyzed at the Division of Laboratory 
Sciences, National Center for Environmental Health, CDC. Detailed specimen 
collection and processing instructions are discussed in the NHANES 
Laboratory/Medical Technologists Procedures Manual (LPM). 
 In this study, we followed the Endocrine Society clinical practice guideline 
and categorized serum vitamin D as: Sufficient 25(OH)D serum level higher than 
30 ng/mL (>75 nmol/L), Insufficient 25(OH)D serum level between 21–29 ng/ml 
(50-75 nmol/L), and Deficient 25(OH)D serum level less than 20 ng/mL (< 50 
nmol/L) (Holick et al. 2011).  
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Covariates and Potential Confounders 
To further assess the relationship between serum vitamin D level and dental 
caries experience, we included the following sociodemographic independent 
variables: age, gender, race/ethnicity, and poverty income ratio (PIR), which 
have been shown to be associated with dental caries. Race/ethnicity was 
classified into four categories: as non-Hispanic white, non-Hispanic black, 
Hispanic/Other Hispanic, and Other races. PIR cut-off points used were: Low (0 
to 1. 3 PIR), medium (>1.3 to 3.5 PIR), and high (>3.5 PIR and above) (Sarafrazi 
et al. 2014). 
From the examination procedures of NHANES, body mass index (BMI) was 
used in this analysis. It is the result of dividing weight in kilograms by height in 
meters squared. Underweight, normal, overweight, and obese were defined as 
<18.5 kg/m2, 18.5-25 kg/m2, <25-29.9 kg/m2, and ≥ 30 kg/m2 respectively (NHLBI 
Obesity Education Initiative Expert Panel on the Identification 1998). Dietary 
intake data was collected through interviews that were conducted in the MEC, 
including information about the total sugar consumption (calculated in grams per 
day) for all ages. Health insurance coverage was included as a covariate, and it 
was dichotomized into Yes/No current health insurance coverage, with the ‘Yes’ 
category including both private and public insurance programs. 
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STATISTICAL ANALYSIS  
The NHANES data for this study was processed using Survey Procedures in 
SAS software version (9.4) (SAS Institute Inc., Cary, NC, USA) taking into 
account the weighted and clustered sampling design of NHANES. 
Univariate analysis included t-test to calculate the means of all continuous 
variables like age, BMI, serum vitamin D level (continuous), sugar intake, and 
dental caries. Then, frequencies of the categorical variables were computed and 
their difference was tested using the chi-square test, for the following variables: 
serum vitamin D level (categorical), gender, PIR, race/ethnicity, and insurance 
coverage.  
The association between vitamin D deficiency and dental caries among 
different population groups in the United States was examined using bivariate 
linear and logistic regression analysis for the dental caries “dft/DMFT” outcome 
and vitamin D “sufficient, insufficient, and deficient” outcome, respectively. 
Crude odds ratios (OR) and beta coefficients (β) with their 95% confidence 
intervals (CI) were to be calculated using logistic regression for the binary dental 
caries experience and Analysis of Variance (ANOVA) for the continuous dental 
caries experience variable respectively. This was calculated for dental caries 
among those with vitamin D insufficiency and deficiency levels, using participants 
with sufficient vitamin serum levels as the referent group. Multivariate 
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regressions examining the effects of potential confounders on the association 
between dental caries and each serum vitamin D level were also performed.  
Finally, stratification analyses of gender, race/ethnicity, and PIR were 
performed in order to assess their effect on the relationship between dental 
caries and serum vitamin D level. The significance level is defined as 2-tailed 
alpha equal to or less than 0.05. 
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DATA MANAGEMENT 
To explore the relationship between serum vitamin D level and dental caries in 
primary and permanent teeth, the data were subdivided into primary teeth for 
children aged 6 to 11 years (n=2146) and permanent teeth for those who are 
between 12 and 65 years of age (n= 9956). The latter age group was categorized 
into three groups, adolescents: 12-18 years, younger adults: 19-44 years, and 
older adults 45-65 years. All statistical analysis previously mentioned was 
performed on each data set separately, with dft as the outcome for Primary teeth 
for children 6-11 years, and DMFT for permanent teeth of participants aged 12-
65 years. 
Upon running the descriptive analyses, a large number of people with a 
response of zero dft (48%) was observed, with the remaining 52% of participants 
scattered across the spectrum (Figure 1). dft ranged between 0-14, with mean 
and median equal to 1.8 and 0 respectively (Table 1.1A). This indicates that our 
sample was divided between those with caries and those without. Therefore, it 
was found that dichotomization of the continuous variable would yield a binary 
indicator of dft status, which may be useful for subsequent analyses. DMFT on 
the other hand, was shown to be skewed, but not as profoundly as dft. Figure 2 
shows a rough bell curve distribution with 8.3 and 4 as the mean and median 
respectively, so DMFT was primarily analyzed as a continuous measure.   
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Table 1.1: Primary and permanent dental caries in the study sample, NHANES 2001-2004 
(n=2146, 9956 respectively) 
Characteristic N Mean ± SE 
dft 2145 1.8 ± 0.1 
DMFT 9955 8.3 ± 0.1 
 
 
Figure 1: Distribution of dental caries across study sample aged 6-11, NHANES2001-2004 
(n=2146) 
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Figure 2: Distribution of dental caries (DMFT) across study sample aged 12-65, NHANES 
2001-2004 (n=9956) 
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OBJECTIVE 2: 
DATA SOURCE: DLS 
For the second objective, we analyzed data from the Dental Longitudinal Study 
(DLS), which is an observational cohort study of aging and health among initially 
healthy men. As a part of the VA Normative Aging Study (NAS), the DLS began 
in 1968 with1,231 community dwelling men, aged between 25-75 years, who 
lived in the greater Boston metropolitan area (Alshouibi et al. 2013). Men’s body 
measurements, life style, oral and general health were documented via 
comprehensive examinations every approximately 3 years. While most 
participants are veterans, they are not patients in the VA healthcare system, and 
they receive their dental and medical care from the private sector (Gorman et al. 
2012).  
Dental examinations were performed by a calibrated, Board-certified 
periodontist. Dental data collected in the DLS included a clinical examination and 
survey questionnaires filled by the subjects every 3-5 years. Starting in 1985, a 
food frequency questionnaire was administrated to estimate nutritional and 
caloric intake. Information regarding health status, education, income, smoking 
status, and other demographics were obtained via written questionnaires 
completed by the participants during each examination visit (Inagaki et al. 2003; 
Mullie et al. 2009). 
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HUMAN SUBJECT APPROVAL 
The protocol was approved by the Boston Veterans Affairs Subcommittee on 
Human Studies and the Boston University IRB (Protocol Number: H-23170). All 
participants provided informed consent before each examination.  
DISCRIBTION OF STUDY VARIABLES  
Outcome: Root Caries 
 At each examination, a single calibrated periodontist assessed root caries and 
restorations using radiographs and an explorer. Four surfaces: labial, 
lingual/palatal, mesial, and distal, were examined, and were considered sound if 
the restorations were free of and had no signs of decay on probing or by 
radiograph. Caries was recorded as “Level 1” if the root dentine had abrasions or 
erosions, “Level 2/3” or “moderate/deep decay” in cases of superficial or deep 
carious lesion. If caries were present on both coronal and root surfaces, the 
lesion was considered root caries, but only if the majority of the carious lesion 
was apical to the cemento-enamel junction, the lesion was evenly distributed on 
both surfaces, or if a coronal restoration extended more than 2 mm onto the root 
surface. Third molars were excluded from all analyses (Kaye et al. 2015).  
For this analysis, root caries was re-categorized into: “sound” if the 
surface was free of caries, had abrasion, or erosion; “decayed” if the surface was 
scored as level 2 or 3; or “restored” if it had a restoration and was caries free. 
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Predictor: Vitamin D Intake 
The 126-item Harvard University food frequency questionnaire (FFQ) was used 
by the DLS to examine nutritional intake, and was used by this study to estimate 
vitamin D intake. Prior to the NAS exam, the FFQ forms were sent to participants 
by mail. Upon receipt at the NAS research personnel calculated total vitamin D 
intake as International Units (IU). Dietary data collection took place in 1985, 
however this occurred late in the 6th cycle of dental exams. Therefore, this 
analysis focused exclusively on cycles 7 to 13 (21-years of follow-up). 
Six hundred IU/day is the average intake recommended for adults in 
general however, the IOM suggests that adults aged between 50 to 70 years 
take no less than 400 IU/day, and that those older than 70 take 800-1000 IU/day. 
Therefore, this study categorized total vitamin D intake into three classifications 
following the IOM and the International Osteoporosis Foundation (IOF) 
recommendations: less than 400 IU, equal or more than 400 IU but less than 800 
IU, and equal or more than 800 IU (Moore et al. 2004; Dawson-Hughes et al. 
2010; Alshouibi et al. 2013).  
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Covariates and Potential Confounders 
Participant age was calculated subtracting their date of birth from the 
examination date. Education level was categorized according to the highest 
completed degree as “high school or less” or “some college or more”.  Their 
socioeconomic status at DLS baseline (1968 - 1973) was collapsed into three 
levels: low (<$10,000 - $19,999), moderate ($20,000 - $29,999), and high 
($30,000 or more). 
BMI is used as an index to quantify fat tissue in the body as an indicator of 
obesity. In the current study BMI was left as a continuous measure for analysis 
purposes. It was calculated by dividing the subject’s weight over the squared 
standing height (in kg/m2). In the DLS, smoking was classified into “nonsmoker”, 
“current cigarette smoker”, and “current cigar/pipe smoker”. The last two were 
merged into a single class: “current smoker”. Dental insurance was recorded as 
“current”, “never”, and “in the past”. 
To describe a subject’s oral hygiene habits the following measures were 
used in analyses: flossing, brushing, fluoridated mouth rinse use, and plaque 
deposits measures. Flossing frequency was dichotomized into “never” and “at 
least once a month”, while brushing was recategorized into “1 or less times/day” 
and “2+/day”. Categories for mouth rinsing were “never” or “at least once 
weekly”. Plaque deposit levels were measured on the tooth level and indicated 
the appropriateness of oral hygiene with a range from good to poor. However, for 
this analysis a sum of the individual’s plaque score was calculated and used as a 
	33	
	
 
continuous measure. 
To better describe dental cleanliness, the number of the dental visits in the 
last year was used, and was dichotomized into “never” or “one or more visits in 
the past year”. The examiner visually classified salivary flow into” copious” or 
“limited/ropey”. 
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STATISTICAL ANALYSIS  
Descriptive and explorative analyses were performed using univariate models to 
estimate the normality of the study sample and to calculate the means and 
frequencies of demographics and other oral health parameters at baseline. 
Subsequently, bivariate models including ANOVA, chi-square, and t-test were 
run to compare between the different levels of vitamin D intake and between 
sound, decayed, and filled root surfaces at baseline.  
Generalized linear models (GENMOD), were used to account for the 
correlated measures that this data might have and to estimate the difference in 
the mean of root caries development among different levels of vitamin D intake; 
Root caries was analyzed as a dichotomous variable: sound, or decayed. 
Covariates used in this model were age, BMI, education, smoking status, number 
of teeth present, plaque deposits, number of dental visits in the past year, 
flossing and brushing frequencies. Models included subject’s multiple visits (7-13 
cycle). 
Finally, survival analysis using a Cox proportional hazards regression 
model was utilized to calculate the hazard rate and to determine the effect of 
baseline variables (age, BMI, and education) and time-varying variables (vitamin 
D intake, smoking, plaque deposits, number of dental visits in the past year, 
flossing brushing) on the time to root caries experience. Teeth with root caries at 
baseline were excluded in this model. New restorations or carious lesions on 
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follow-ups visits were considered decayed in the “sound, decayed” outcome 
variable. Time-to-event (root caries) was computed from baseline dental 
examination to the examination where the first root caries occurred, in cases 
where no event occurred, time was calculated up to the last examination 
(censored observations). Statistical significance was evaluated at the 0.05 levels 
for all statistical analysis, using SAS statistical software version 9.3. 
 
DATA MANAGEMENT 
Dietary data containing the vitamin D intake information was available from the 
1984-2013 surveys. However, we initiated our analyses with cycle 7 (1987-1992) 
due to the negligible number of completed data entries in cycle 6, since only a 
portion of the cycle was surveyed. Comparisons were done between means and 
frequencies of some of the continuous and categorical variables of those with 
missing and complete dietary data, and no major differences were found with the 
exception of age (Table A-B). Therefore, we felt comfortable excluding subjects 
with missing or incomplete dietary data from the study. 
Baseline descriptive analysis were calculated from 670 subjects, 
combining subjects with different baseline cycle numbers in a dataset so each 
subject has his own first visit as his baseline. For the remainder of the analysis 
534, 345, 328, 238, 26 and 2 subjects were included in the longitudinal analysis 
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from cycle 8, 9, 10, 11, 12 and 13, respectively, for a total number of 2087 
observations over 22 years (1987-2009).  
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Table A: Comparison between subjects with complete and missing dietary data in study 
sample (multiple exams/person) 
 
Table B: Comparison between subjects with complete and missing dietary data in study 
sample. (multiple exams/person) 
  
Variables 
Complete dietary data 
(N=297) 
Missing dietary data 
(N=2087) P-
Value Mean ± SD Mean ± SD 
Age 69.7 ± 7.9 77.4 ± 6 <0.0001 
Number of teeth present 20.0 ± 7.4 20.0 ± 7.4 0.99 
BMI 27.3 ± 3.7 27.7 ± 3.9 <0.0001 
Total plaque deposit 
score 
15.3 ± 1 16.7 ± 10.9 <0.0001 
Variables 
Complete dietary data 
(N=297) 
Missing dietary data 
(N=2087) P-Value 
Proportion Proportion 
Education 
High school or less 
Some College or more 
 
27.7% 
72.3 
 
24.9% 
75.1% 
<0.0001 
SES* 
Low 
Moderate 
High 
 
59.3% 
35.8% 
4.9% 
 
57.5% 
38.3% 
4.3% 
<0.0001 
Smoking Status 
Non-Smoker 
Current Smoker 
 
90.5% 
9.5% 
 
94.3% 
5.7% 
<0.0001 
Flossing Frequency b 
Never 
At Least Once a Month 
 
35.9% 
64.1% 
 
35.8% 
64.2% 
0.88 
Brushing Frequency b 
1 or Less Times/Day 
2 or More Times/Day 
 
37.4% 
62.6% 
 
39.2% 
60.8% 
0.002 
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IV. RESULTS 
OBJECTIVE 1 
Vitamin D Serum Level and Primary Teeth (6-11 Years): 
Descriptive Statistics 
The mean average age of the 2,145 children in our sample was 8.5 years. Boys 
composed about 51.5% and girls 48.5%. The average child in the cohort had a 
body mass index of 18.6 kg/m2. Almost 60% of the study population was White, 
while Hispanics and Non-Hispanic Blacks represented 19.2% and 15.7% 
respectively. While 40% came from medium-income, 33% were low-income 
families, and the remaining 30% were of high income status. The majority of the 
study population had dental insurance coverage at the time of the survey, while 
about 27% of them didn’t. 
 Children in this age range consumed high amounts of sugar. With a range 
of 3.7-597 gm/day, on average they consumed about 145 gm/day, which exceeds 
what the World Health Organization (WHO) recommends for daily intake (World 
Health Organization 2015).  
  Serum vitamin D level in this sample ranged between 9.1-171 nmol/L, and 
on average, a child had about 69.7 nmol/L of 25(OH)D. When we grouped 
children based on the  Endocrine Society guidelines (Kumar et al. 2009),  about 
43% of the children had insufficient levels (50-75 nmol/L), 27.2% of children had 
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deficient levels (<50 nmol/L), and 29.7% sufficient levels (>75 nmol/L). About 
51.8% had active or restored dental caries and 48.2% had never experienced 
dental caries in their primary teeth. (Table 2.1) (Figure 3).  
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Table 2.1: Characteristics of the study cohort age 6-11 years, NHANES 2001-2004 (n=2146) 
Characteristic N Weighted mean or % 
Age (Years) 2146 8.5 
Age 
6 
 
343 
 
15.5% 
7 364 17.0% 
8 366 17.1% 
9 366 16.9% 
10 342 16.7% 
11 365 16.9% 
Gender 
Male 
 
1044 
 
51.5% 
Female 1102 48.5% 
Race/Ethnicity 
White 
 
601 
 
58.5% 
Black 741 15.7% 
Hispanic 703 19.2% 
Others 101 6.7% 
Sugar intake (gm) 2014 145 
BMI (kg/m2) 2119 18.6 
25(OH)D (nmol/L) 1819 69.7 
Vitamin Da 
Deficient 
 
729 
 
27.2% 
Insufficient 991 43.2% 
Sufficient 426 29.7% 
PIR 
Low 
 
910 
 
33.3% 
Medium 744 40.1% 
High 393 26.7% 
Dental Insurance 
Covered 
 
1564 
 
72.7% 
Uncovered 536 27.3% 
dft 
Yes 
 
1099 
 
51.8% 
No 1046 48.2% 
a Vitamin D Endocrine Society classification: Deficient(<50nmol/L), Insufficient(50-75nmol/L), Sufficient(>75nmol/L).  
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Figure 3: Distribution of serum vitamin D level across study sample aged 6-11, NHANES 
2001-2004 (n=2146) 
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Bivariate Analysis 
a. Factors Associated with Caries Experience Primary Dentition:  
A bivariate analysis was performed to compare between children with and 
without dental caries. We found that those who experienced dental caries had 
lower BMI (18.1±0.2 kg/m2) compared to those who did not (19.0±0.2 kg/m2), and 
this was statistically significant. On the other hand, while sugar consumption 
varied between the two groups it did not demonstrate statistically significant 
differences (147.5±3.2 gm vs. 142.8± 3.8 gm). (Table 2.2A). 
  Boys seemed to have significantly higher experience with dental caries 
(56%), while girls were highly prevalent among the caries free group (52.8%). 
Whites had high percentages in both groups, however, Hispanics seemed to be 
highly represented in the group with the caries experience with 22.3%, compared 
to 16.2% in the caries free group. Non-Hispanic blacks didn’t differ much 
between the groups. All differences in the race/ethnicity were statistically 
significant with p-value <0.05. 
 Children from wealthy families comprised about 20% of the dental caries 
experience group, compared to those from poor or medium income families 
(39.6%, 40.4% respectively, P-value <0.0001). Both groups were similar in 
regards to dental insurance coverage with approximately 70% reporting coverage 
(p = 0.454) (Table 2.2B).   
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Table 2.2A: Selected variables of the study cohort by Primary dental caries experience aged 
6-11 years, NHANES 2001-2004 (n=2146) 
 
Table 2.2B: Selected variables of the study cohort by Primary dental caries experience aged 
6-11 years, NHANES 2001-2004 (n=2146) weighted column % 
  Primary Teeth dft  weighted %  
Variables Total % Caries 
(1046) 
Caries free 
(1099) 
P-Value 
Gender  
Gender 
Male 
 
 
51.5% 
 
 
56.3% 
 
 
47.2% 
 
0.0001 
 
Female 48.5% 
 
43.7% 52.8%  
Race/Ethnicity  
White 
 
58.5% 
 
55.0% 
 
61.6% 
0.003 
Black 15.7% 14.5% 16.8%  
Hispanic 19.2% 22.3% 16.2%  
Others 6.7% 8.2% 5.3%  
PIR  
Low 
 
33.3% 
 
39.6% 
 
27.3% 
<.0001 
Medium 40.1% 40.4% 39.8%  
High 26.7% 20.0% 32.9% 
Dental insurance  
Covered 
 
 
72.7% 
 
 
71.7% 
 
 
73.7% 
0.454 
Uncovered 27.3% 28.3% 26.3%  
  
 
Characteristic 
Primary Teeth caries status 
Caries 
(1046) 
Caries free 
(1099) 
 Mean ± SE CI Mean ± SE CI 
Age (Years) 8.3±0.1 8.2, 8.5 8.7± 0.1 8.6, 8.9 
Sugar intake (gm) 147.5±3.2 140.9, 154.1 142.8± 3.8 135.1, 150.6 
BMI (kg/m2) 18.1±0.2 17.8, 18.4 19.0  ± 0.2 18.6 , 19.4 
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b. Factors Associated with Serum Vitamin D Level:  
Next, we categorized children, aged 6-11 years, by vitamin D serum level, based 
on the Endocrine Society definition into three classes: sufficient, insufficient and 
deficient. We found that those with insufficient 25(OH)D group were slightly older 
(8.7 ± 0.1 years), had higher BMI (19.0 ± 0.2) and consumed more sugar (146.8 
± 3.2 gm) than those with either higher or lower vitamin D serum level. All 
differences were statistically insignificant (Table 2.3A). 
 Vitamin D serum levels varied significantly between girls and boys. Girls 
had higher prevalence of vitamin D deficiency (53.6%) and lower prevalence of 
sufficiency (46.0%) (p = 0.023). Although Whites had high percentages in both 
groups, Blacks appeared to be highly represented in the serum deficient class 
(28.9%), and they were the least likely to have sufficient serum levels (3.2%). 
Whites on the other hand, had higher prevalence of vitamin D sufficiency and 
lower deficiency levels, all differences were significant with a p-value <0.0001. 
Children with higher income families had lower prevalence of 25(OH)D deficiency 
(20.9%) compared to the poorer children (38.8%). Similarly, wealthier children 
had higher prevalence of sufficiency compared to the poorer (p <.0001). Dental 
insurance coverage varies significantly across serum vitamin D classes, the 
majority had active insurance at the time of the survey (p = 0.011). (Table 2.3B). 
Despite sugar consumption being the lowest amongst children with 
deficient levels of serum 25(OH)D (Table 2.3A), they were more likely to be 
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caries free (56.1%). Dental caries (dft) seemed to be slightly higher in the 
sufficient vitamin D class compared to the deficient (46.3% vs. 43.9% 
respectively). However, the findings were not significant (p = 0.102) (Table 2.3B). 
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Table 2.3A: Descriptive bivariate analysis of cohort selected variables by serum vitamin D level aged 6-
11 years, NHANES 2001-2004 (n=2146) weighted column % 
  
  
  
  
  
  
 
*  
 
 
 
 
 
Endocrine Society classification of Vitamin D serum level: Deficient (<50nmol/L), Insufficient (50-75nmol/L), Sufficient (>75nmol/L).  
  
Characteristic 
Vitamin D * % 
Deficient Insufficient Sufficient 
 Mean±SE CI Mean±SE CI Mean±SE CI 
Age (Years) 8.5±0.1 8.3, 8.6 8.7±0.1 8.6, 8.8 8.3±0.1 8.1, 8.5 
BMI (kg/m2) 18.9±0.2 18.4, 19.3 19.0±0.2 18.7, 19.4 17.6±0.2 17.2, 18.1 
Sugar intake 
(gm) 
140.5±4 132.3, 148.6 146.8±3.2 140.2, 153.3 146.1±15.2 135.5, 156.7 
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Table 2.3B: Descriptive bivariate analysis of cohort selected variables by serum vitamin D level aged 6-11 years, NHANES 
2001-2004 (n=2146) weighted column % 
 
* 
Endocrine Society classification of Vitamin D serum level: (<50nmol/L), Insufficient (50-75nmol/L), Sufficient (>75nmol/L).
Variables 
 Vitamin D * % 
Deficient Insufficient Sufficient P-Value  
Gender 
Male 
Female 
 
46.2% 
 
53.2% 
 
54% 
0.023 
53.8% 46.8% 46.0% 
Race/Ethnicity 
White 
Black 
Hispanic 
Others 
 
44.5% 
 
53.4% 
 
78.8% 
<0.0001 
28.9% 15.9% 3.2% 
18.5% 23.2% 13.8% 
8.1% 7.5% 4.2% 
PIR 
Low 
Medium 
High 
 
38.8% 
 
36.3% 
 
24.1% 
<0.0001 
40.3% 39.6% 40.6% 
20.9% 24.2% 35.3% 
dft 
Yes 
No 
 
 
43.9% 
 
 
52.3% 
 
 
46.3% 
 
0.102 
56.1% 47.7% 53.7%  
Dental Insurance 
Covered 
Uncovered 
 
79.6% 
 
70.9% 
 
69.1% 
0.011 
20.4% 29.1% 30.9% 
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Multivariate Analysis 
We conducted a crude logistic regression model using dental caries experience 
in primary teeth as the outcome and vitamin D as the main predictor. Results 
revealed that those with with insufficient levels had 1.3 times the odds when 
compared to those with sufficient levels with a p-value of 0.087. Similar odds 
were obtained when the model accounted for additional covariates: including 
age, gender, race/ethnicity, PIR, and BMI, however had a borderline significant 
p-value of 0.067. (Table 3.1).  
Further adjusted logistic model analyses were performed exploring 
stratification effects by gender, PIR, or race/ethnicity. Among Whites, unlike the 
other groups, vitamin D deficiency is significantly associated with lower level of 
dft (OR = 0.6, P = 0.023). In contrast, other races with deficient levels showed an 
increased, though non-significant, risk of developing caries (Table 3.2A). The 
association between vitamin D and dental caries are similar between boys and 
girls, however girls with insufficient levels had more significant odds comparing to 
boys (P = 0.337 vs. 0.08 respectively). The odds for developing dental caries 
among children with deficient vitamin D levels decreased as PIR improved, 
however only high PIR showed to be marginally significant (P = 0.075). 
Additionally, those with insufficient levels and medium PIR seemed to 
significantly have higher odds of dental caries compared to those with sufficient 
levels (OR = 1.5, P = 0.029) (Tables 3.2B and 3.2C).  
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Table 3.1: Logistic regression assessing the association between dental caries in primary 
teeth (Yes/No) and vitamin D serum level. NHANES 2001-2004. (n=2146) 
*Model adjusted for age, gender, race/ethnicity, PIR and BMI 
**Endocrine Society classification of Vitamin D serum level: Deficient (<50nmol/L), Insufficient (50-75nmol/L), Sufficient 
(>75nmol/L). 
 
 
 
Table 3.2AC: Logistic regression assessing the association between vitamin D levels and 
primary teeth dental caries stratified by race/ethnicity. NHANES 2001-2004. (n=2146) 
* Models adjusted for age, gender, race/ethnicity, PIR and BMI. 
** Endocrine Society classification of Vitamin D serum level: Deficient (<50nmol/L), Insufficient (50-75nmol/L), Sufficient 
(>75nmol/L).   
  
Variables Primary Teeth dft (95% CI)* 
Vitamin D** 
 
Unadjusted 
dft 
Adjusted 
dft 
OR (CI)  P-value OR (CI)  P-value 
Deficient  0.9 (0.7 , 1.2) 0.478 0.8 (0.7 , 1.1) 0.192 
Insufficient  1.3 (1, 1.7) 0.087 1.3 (1 , 1.7) 0.067 
Sufficient  Ref. - Ref. - 
Variables  Primary Teeth dft  Odds Ratio  
 
 
Vitamin D** 
 
White Black Hispanic Other 
 
OR  
 
P 
Value 
 
OR  
 
P Value 
 
OR  
 
P Value 
 
OR  
 
P Value 
Deficient 0.6  0.023 0.9  0.985 1.4  0.19
5 
1.1  0.915 
Insufficient  1.3  0.137 1.0  0.984 1.4  0.22
9 
2.6  0.261 
Sufficient  Ref - Ref - Ref - Ref - 
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Table 3.2B: Logistic regression assessing the association between vitamin D levels and 
primary teeth dental caries experience stratified by Gender. NHANES 2001-2004. (n=2146)  
*Model adjusted for age, gender, race/ethnicity, PIR and BMI 
**Endocrine Society classification of Vitamin D serum level: Deficient (<50nmol/L), Insufficient (50-75nmol/L), Sufficient 
(>75nmol/L).  
 
 
Table 3.2C: Logistic regression assessing the association between vitamin D levels and 
primary teeth dental caries experience stratified by PIR. NHANES 2001-2004. (n=2146) 
**Endocrine Society classification of Vitamin D serum level: Deficient (<50nmol/L), Insufficient (50-75nmol/L), Sufficient 
(>75nmol/L). 
 
Variables Primary Teeth dft  Odds Ratio 
 Male Female 
Vitamin D** 
 OR P Value OR P Value 
Deficient 0.8  0.519 0.9  0.548 
Insufficient 1.3  0.337 1.3 0.089 
Sufficient Ref - Ref - 
Variables Primary Teeth dft  Odds Ratio 
 Low PIR Medium PIR High PIR 
Vitamin D** 
 OR P Value OR P Value OR 
P 
Value 
Deficient 1.0  0.918 0.9 0.589 0.6  0.075 
Insufficient 1.3  0.384 1.5  0.029 1.1  0.855 
Sufficient Ref - Ref - Ref - 
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Vitamin D Serum level and Permanent teeth (12-65 Years): 
Descriptive Statistics 
Analyses examining the effects of vitamin D on permanent teeth were restricted 
to adolescents and adults ages 12 to 65 years old. The mean age for this 
analysis is 35 years. Adolescents comprised about 16%, young adults 56%, and 
older adults were 27% of the sample. Men and women were equally distributed in 
the sample, and the majority were White (68.7%). On average, subjects 
consumed 142 gm of sugar daily, and were overweight with a BMI of 27 kg/m2. 
Most study participants had current dental insurance coverage and the majority 
were high (44%) or moderate income (35%) while 22% had low PIR. The 
average vitamin D serum level was 63 nmol/L, with most subjects having 
insufficient levels (40%). Only one-quarter (26%) of the study population had 
sufficient levels of vitamin D according to the Endocrine Society classification 
(Figure 4). 
Dental caries occurrence ranged between 0 to 28 teeth with at least 1 
carious lesion, resulting in a mean of 8.3 teeth. The majority of the study 
participants (86%) had either active carious, restored or missed teeth due to 
dental caries and 31% had never had a carious experience. (Table 4.1). 
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Table 4.1: Characteristics of the study cohort age 12-65 years, NHANES 2001-2004 
(n=9956) 
Characteristic N Mean ± SE or weighted % 
Age (Years) 9956 35.1 ± 0.3 
Age % 
Adolescent 12-18Y 
 
3769 
 
16.1% 
Adult 19-44Y 4279 56.2% 
Older Adults  45-65Y 1908 27.7% 
Gender % 
Male 
 
4865 
 
49.8% 
Female 5091 50.2% 
Race/Ethnicity % 
White 
 
3955 
 
68.7% 
Black 2558 11.6% 
Hispanic 3042 14.7% 
Others 401 5.1% 
Sugar intake (gm) 9664 142.3  ± 1.4 
BMI (kg/m2) 9815 27.2  ± 0.1 
25(OH)D (nmol/L) 9337 63  ± 1.0 
Vitamin D% 
Deficient 
 
4334 
 
32.5% 
Insufficient 3729 40.8% 
Sufficient 1893 26.7% 
PIR % 
Low 
 
3069 
 
21.8% 
Medium 3473 34.6% 
High 2865 43.6% 
Dental Insurance % 
Covered 
 
1564 
 
72.7% 
Uncovered 536 27.3% 
DMFT % 
Yes 
 
5809 
 
61.4% 
No 3781 38.6% 
a Vitamin D Endocrine Society classification: Deficient(<50nmol/L), Insufficient(50-75nmol/L), Sufficient(>75nmol/L).  
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Figure 4: Distribution of vitamin D serum level across study sample aged 12-65, NHANES 
2001-2004 (n=9956) 
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Bivariate Analysis 
a. Factors Associated with Caries Experience in Permanent Dentition:  
The caries free individuals had a higher mean daily sugar consumption (151 gm) 
compared to those in the caries experienced group (140 gm). Those in the 
carious group tended to have a higher body mass index (27 kg/m2) when 
compared to individuals in the caries free group (24.5 kg/m2) (Table 4.2A)  
Individuals with caries experience had significantly higher prevalence of 
insufficient serum levels (41.2%) and deficient levels (31.9%). Sufficient levels of 
25(OH)D were significantly the lowest with 26.9% having caries. Only 3.4% of 
individuals aged between 45-65 years were caries free compared to 53.9% 
adolescents (12-18 years) and 42.8% adults (19-44 years). Around 10% of 
adolescents and 31% of the older adults had experienced dental caries in their 
permanent teeth. All differences were statistically significant with p-value 
<0.0001.  
 Hispanics seemed to be more represented in the caries free (18.6%) 
compared to 14% that were in the group with the caries experience. Non-
Hispanic blacks differed between the groups with 11.1% had active or restored 
caries while 14.8% did not. Whites showed higher frequencies in the carious 
population (70%) than in the non-carious population (60%). All differences in the 
race/ethnicity were statistically significant with p-value <0.0001.  
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Women were more likely to have caries experience (50.9%) compared to 54.5% 
of men (p = .0002). The wealthy seemed to have significantly higher percentage 
of active or restored dental caries compared to the poor, 45% vs. 21.1% 
respectively. Dental insurance coverage difference between the groups was 
statistically non-significant (Table 4.3B). 
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Table 4.2A: Selected variables of the study cohort by permanent dental caries experience aged 12-
65 years, NHANES 2001-2004 (n=9956) 
 
  
 
 
Table 4.2B: Selected variables of the study cohort by by permanent dental caries experience aged 
12-65 years, NHANES 2001-2004 (n=9956) Weighted column % 
a Vitamin D Endocrine Society classification: Deficient(<50nmol/L), Insufficient(50-75nmol/L), Sufficient(>75nmol/L).   
Characteristic 
Permanent Teeth caries status 
 
Caries 
(7740) 
Caries free  
(2215) 
 Mean ± SE CI Mean ± SE CI 
Sugar intake (gm) 140.8±1.4 137.9, 143.7 151.9± 3.8 144.2, 159.6 
BMI (kg/m2) 27.6±0.1 27.4, 27.9 24.5  ± 0.2 24.1 , 24.9 
Variables 
Permanent Teeth caries status % 
Caries  
(7740) 
Caries free 
(2215) P value 
Vitamin D a 
Deficient 
Insufficient 
Sufficient 
 
31.9% 
 
36.6% 
0.015 
41.2% 38.5% 
26.9% 24.9% 
Age 
Adolescent 12-18 
Adult 19-45 
Older adults 45+ 
 
10.3% 
 
53.9% 
<.0001 
58.2% 42.8% 
31.4% 3.4% 
Gender 
Male 
Female 
 
49.1% 
 
54.5% 
0.0002 
50.9% 45.5% 
Race/Ethnicity 
White 
Black 
Hispanic 
Others 
 
70% 
 
59.8% 
<0.0001 
11.1% 14.8% 
14.1% 18.6% 
4.9% 6.7% 
PIR 
Low 
Medium 
High 
 
21.1% 
 
26.4% 
<0.0001 
33.9% 38.8% 
45.0% 34.8% 
Dental Insurance 
Covered 
Uncovered 
 
61.4% 
38.6% 
 
61.2% 
38.8% 
0.889 
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b. Factors associated with serum vitamin D level: 
We further explored relationships for adults by exploring bivariate relationships for 
the three Endocrine Society classifications for vitamin D exposure. Sugar intake 
and DMFT are elevated for those with higher vitamin D serum levels. In contrast, 
BMI showed an inverse pattern, with less overweight tendencies among those 
with the highest vitamin D serum levels. (Table 4.3A). 
   No statistically significant differences were detected between age 
categories and serum vitamin D levels. (Table 4.3B). The distribution of gender 
across the classes was statistically significant (P<0.0001). Those with deficient 
serum vitamin D levels were more likely to be female, while those with insufficient 
levels were more likely to be male. With a total of about 12% of our sample, Non-
Hispanic Blacks had a high representation among the deficient group with 27.7% 
and a low 1.2% in the sufficient serum 25(OH)D class. Hispanic also had a high 
18.5% in the deficient serum level and 16.4% in the insufficient class. In contrast, 
those with sufficient serum vitamin D were more likely Whites. These distinctions 
were significant with p<0.0001. 
Individuals with higher PIR were highly represented in the sufficient group 
(51.8%), while those with low PIR occurred more in the deficient group with and 
(29.4%; P<0.0001). Subjects without dental insurance coverage comprised more 
of the deficient group (42.1%) compared to 34.8% of the sufficient group (P = 
0.001). Out of the 38.6% of the subjects who had never experienced dental caries 
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(Table 4.1), slightly more had deficient serum levels (14.8%) than insufficient or 
sufficient levels (12.4%, 12.3%), with a p-value less than 0.05. 
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Table 4.3A: Selected variables of the study cohort by serum vitamin D levels aged 12-65 years, 
NHANES2001-2004 (n=9956) 
*Vitamin D Endocrine Society classification: Deficient (<50nmol/L), Insufficient (50-75nmol/L), Sufficient (>75nmol/L) 
 
  
Characteristic 
Vitamin D *  
Deficient Insufficient Sufficient 
Mean±SE CI Mean±SE CI Mean±SE CI 
DMFT 7.2±0.2 6.7, 7.6 8.3±0.2 7.9, 8.8 8.4±0.2 8.1, 8.8 
BMI 28.9±0.2 28.4, 29.3 27.0 ±0.2 26.6, 27.4 25.6±0.2 25.1, 26.1 
Sugar intake 
(gm) 
138.1±2.3 133.4, 142.7 143.7±2 139.6, 147.8 145.1±2.9 139.2, 150.9 
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Table 4.3B: Selected variables of the study cohort by serum vitamin D levels aged 12-65 
years, NHANES2001-2004 (n=9956) column % 
 
Vitamin D * weighted % 
 
 
Variables Total % Deficient 
(4334) 
Insufficient 
(3729) 
Sufficient 
(1893) 
P-Value 
Age  
Adolescent 12-18Y 
 
16.1% 
 
15.9% 
 
17.0% 
 
14.7% 
0.118 
Adult 19-44Y 56.2% 58.3% 54.4% 56.4%  
Older Adults 45-65Y 27.7% 25.7% 28.6% 28.9%  
Gender 
Male 
 
49.8% 
 
44.9% 
 
54.2% 
 
49.2% 
<0.0001 
Female 50.2% 55.1% 45.8% 50.8%  
Race/Ethnicity  
White 
 
68.7% 
 
45.6% 
 
73.8% 
 
89% 
<0.0001 
Black 11.6% 27.7% 5.5% 1.2%  
Hispanic 14.7% 18.5% 16.4% 7.3%  
Others 5.1% 8.2% 4.3% 2.5%  
PIR  
Low 
 
21.8% 
 
29.4% 
 
20.1% 
 
15.3% 
<0.0001 
Medium 34.6% 37.3% 33.6% 32.8%  
High 43.6% 33.3% 46.4% 51.8%  
Dental Insurance  
Covered 
 
72.7% 
 
57.9% 
 
61.7% 
 
65.2% 
0.001 
Uncovered 27.3% 42.1% 38.3% 34.8%  
DMFT 
Yes 
No 
 
61.4% 
38.6% 
 
85.2% 
14.8% 
 
87.6% 
12.4% 
 
87.7% 
12.3% 
0.015 
 
a Endocrine Society classification of Vitamin D serum level: Deficient (<50nmol/L), Insufficient (50-75nmol/L), Sufficient 
(>75nmol)
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Multivariate Analysis 
a. Outcome: Continuous DMFT  
Table 4.4 highlights the results of the multivariate linear regression analysis 
between DMFT and serum vitamin D levels. The crude model analysis revealed 
lower DMFT for deficient vitamin D individuals compared, to those with sufficient 
levels; these results were statistically significant (p-value = 0.01). However, when 
the model was adjusted for age, gender, race/ethnicity, PIR, and BMI the 
association between vitamin D level and permanent teeth caries became 
statistically insignificant. 
Non-significant associations were found throughout most of the stratified 
adjusted multivariate linear models by gender, PIR, and BMI (Tables 4.5 A-D). Age 
however, showed that being an adolescent between 12-18 year with insufficient 
amounts of serum vitamin D levels has an elevated risk of developing dental caries 
in their permanent teeth when compared to those with sufficient serum levels, with 
a P-value equal to 0.022 (Table 4.5A). Moreover, race/ethnicity showed that 
Hispanics with deficient 25(OH)D levels slightly lower DMFT compared to 
Hispanics with sufficient serum vitamin D levels with borderline significant p-value 
= 0.059. Individuals with “Other” race/ethnicity with deficient and insufficient levels 
had 2.4 and 2.8 fewer DMFT compared to other race with sufficient levels (p-values 
= 0.064 and 0.036 respectively) (Table 4.5C).  
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Table 4.4: Multivariate linear regression to assess the association between serum vitamin D level 
and dental caries (DMFT) in permanent teeth 12-65 years. NHANES 2001-2004. (n=9956) 
*Model adjusted for age, gender, race/ethnicity, PIR and BMI. 
** Vitamin D Endocrine Society classification: Deficient (<50nmol/L), Insufficient (50-75nmol/L), Sufficient (>75nmol/L) 
 
 
Table 4.5A: Linear regression assessing the association between serum vitamin D levels and 
permanent teeth dental caries stratified by Age. NHANES 2001-2004. (n=9956) 
*Models adjusted for age, gender, race/ethnicity, PIR and BMI. 
** Vitamin D Endocrine Society classification: Deficient (<50nmol/L), Insufficient (50-75nmol/L), Sufficient (>75nmol/L) 
  
Variables permanent Teeth DMFT Beta Estimates (95% CI)* 
Vitamin D** 
Unadjusted 
DMFT 
Adjusted 
DMFT 
β  P-value β   P-value 
Deficient -0.7 (-1.2, -0.2) 0.01 -0.1 (-0.6, 0.4) 0.614 
Insufficient  0.14 (-0.9, 0.2) 0.168 -0.04 (-0.5, 0.4) 0.842 
Sufficient  Ref. - Ref. - 
Variables Permanent Teeth DMFT Beta Estimates (±SE) 
 Adolescents Adults Older Adults 
Vitamin D** 
 β  P Value β P Value β P Value 
Deficient  0.5±0.3 0.078 -0.5 ± 0.3 0.115 0.3 ± 0.5 0.536 
Insufficient  0.5 ±0.2 0.022 -0.1 ± 0.3 0.854 -0.3 ±0.4 0.409 
Sufficient Ref Ref - - - - - 
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Table 4.5B: Linear regression assessing the association between serum vitamin D levels and 
permanent teeth dental caries stratified by Gender. NHANES 2001-2004. (n=9956) 
*Models adjusted for age, gender, race/ethnicity, PIR and BMI. 
** Vitamin D Endocrine Society classification: Deficient (<50nmol/L), Insufficient (50-75nmol/L), Sufficient (>75nmol/L) 
 
Table 4.5C: Linear regression assessing the association between serum vitamin D levels and 
permanent teeth dental caries stratified by race/ethnicity. NHANES 2001-2004. (n=9956) 
*Models adjusted for age, gender, race/ethnicity, PIR and BMI. 
** Vitamin D Endocrine Society classification: Deficient (<50nmol/L), Insufficient (50-75nmol/L), Sufficient (>75nmol/L) 
 
 
  
Variables Permanent Teeth DMFT Beta Estimates (±SE ) 
 Male Female 
Vitamin D** 
 β P Value β P Value 
Deficient  -0.1 ± 0.3 0.139 0.2 ± 0.3 0.507 
Insufficient  -0.4 ± 0.3 0.192 0.1 ± 0.2 0.744 
Sufficient  Ref - - - 
Variables Permanent Teeth DMFT Beta Estimates (±SE ) 
 White Black Hispanic Other 
Vitamin D** 
 β P Value β P Value β P Value β P Value 
Deficient  -0.03±0.2 0.899 0.5±1 0.631 -0.9±0.5 0.059 -2.4±1.3 0.064 
Insufficient  -0.03±0.2 0.901 -0.1±1.1 0.925 -0.4±0.5 0.348 -2.8±1.3 0.036 
Sufficient  Ref - - - - - - - 
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Table 4.5D: Linear regression assessing the association between serum vitamin D levels and 
permanent teeth dental caries stratified by PIR. NHANES 2001-2004. (n=9956) 
 *Models adjusted for age, gender, race/ethnicity, PIR and BMI. 
** Vitamin D Endocrine Society classification: Deficient (<50nmol/L), Insufficient (50-75nmol/L), Sufficient (>75nmol/L) 
  
Variables Permanent Teeth DMFT Beta Estimates (±SE) 
 Low Medium High 
Vitamin D** 
 β P Value β P Value β P Value 
Deficient -0.5±0.3 0.196 -0.3±0.5 0.497 0.1±0.3 0.723 
Insufficient -0.4±0.4 0.322 -0.1±0.3 0.692 -0.1±0.2 0.729 
Sufficient Ref - - - - - 
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b. Outcome: Binary DMFT  
Table 4.6 displays the results of adjusted and unadjusted logistic regression 
models using dichotomized DMFT. Serum vitamin D deficiency had 0.8 times the 
odds of having dental caries experience when compared to sufficient levels, with 
a significant p-value of 0.027. This association becomes insignificant when 
controlling for confounders (p = 0.181). No association was found between 
insufficient serum vitamin D level and dental caries before and after controlling for 
confounders, (p = 0.937, 0.415). 
 
Table 4.6: Logistic regression to assess the association between serum vitamin D level and 
dichotomized dental caries (DMFT) in permanent teeth 12-65 years. NHANES 2001-2004. (n=9956) 
*Models adjusted for age, gender, race/ethnicity, PIR and BMI 
** Vitamin D Endocrine Society classification: Deficient (<50nmol/L), Insufficient (50-75nmol/L), Sufficient(>75nmol/L) 
 
  
Variables Permanent Teeth DMFT  Odds Ratio (95% CI) 
Vitamin D** 
Unadjusted 
DMFT 
Adjusted 
DMFT 
OR P-value OR P-value 
Deficient  0.8 (0.7 , 1) 0.027 0.9 (0.7 , 1.1) 0.181 
Insufficient  1(.8, 1.2) 0.937 1.1 (1 , 1.4) 0.415 
Sufficient  Ref. - Ref. - 
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OBJECTIVE 2 
Vitamin D Intake and Root Caries: 
Descriptive Statistics 
 
This study aim utilized the DLS data to assess the effect that total vitamin D 
intake has on root caries for men. At baseline, participant ages ranged between 
48 and 93 years, with a mean age of 66.9 ± 7.6 (Table 5.1). The mean number of 
teeth present (excluding third molars) at the baseline examination was 19 ± 7.8 
teeth. Additional oral health indicators showed a mean total plaque deposit score 
of 15.4 ± 9.3, and that the majority of subjects had copious amounts of saliva 
(90.9%). The average BMI score at baseline was 27 kg/m2. As shown in table 5.1 
and figure 5, the baseline total vitamin D intake was skewed, with the men’s 
average baseline total vitamin D intake = 258.1 IU/day (159.7-433.7 IU/day), and 
the maximum total intake recorded was 2348.3 IU/day. Therefore, and to reduce 
the variation caused by the extreme values of total vitamin D intake by some of 
the individuals, the natural logarithm (LOG) of total vitamin D intake was used as 
a continuous measure concurrently with the original metric continuous measure 
provided by the DLS, which was classified following the traditional IOM 
categorization in the reminder of our analysis. Figure 6 illustrates the total vitamin 
intake after normalization, showing a range of 2.8-7.8 IU/day, and an average of 
5.6 IU/day following the log-transformation of total vitamin D intake.  
	67	
	
 
About 71% percent of our sample fell in the <400 IU Vitamin D/day 
category at baseline. Most of the men (71%) had achieved at least some college 
education, were of low socioeconomic status (58.9%), more than half of them did 
not have or never had current dental insurance (59.4%) and only 11.6% were 
current smokers of pipes, cigars, or cigarettes and (Table 5.2A). 
Overall, this cohort of men reported decent oral hygiene habits, where 
63.6% flossed their teeth at least once a month and 61.8% brushed at least twice 
a day. However, only 5.4% used fluoridated mouthwash and 21.4% reported 
never visiting the dentist in the past year. Around 38.2% had existing root caries 
and 27.8% had filled root surfaces at baseline (Table 5.2B). 
Table 5.3 describes the men’s root surface status both on the tooth and 
the person levels. At baseline, the men had a mean 0.8 ± 1.3 decayed surfaces 
and 0.7 ± 1.3 decayed teeth. The maximum number of teeth and surfaces with 
root caries were 11 and 12, which means that only one tooth was found to have 
carious lesions on two surfaces. At baseline, root decay was more likely to be 
filled. The RDFT score distribution was highly skewed, with the range of 0-17, 
and an average of 1 (Figure 7). 
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Table 5.1. Baseline demographic and clinical characteristics of dental longitudinal study 
participants (n=670) 
Variables Average Minimum Maximum 
Age Mean ± SD 66.9 ± 7.6 48 93 
Number of teeth present Mean ± SD 19.7 ± 7.8 0 28 
BMI Mean ± SD 27.0 ± 3.6 16.6 45.9 
Total plaque deposit score Mean ± SD 15.4 ± 9.3 0 59 
total vitamin D intake (IU/Day) Median (IQR) 258.1(159.7, 433.7) 16.8 2348.3 
LOG total Vitamin D intake Median (IQR) 5.6  ± 0.7 2.8 7.8 
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Figure 5: The distribution of the original metric of total daily total vitamin D intake across 
study sample at baseline. 
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Figure 6: The distribution of the log-transformed total daily total vitamin D intake across 
study sample at baseline. 
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Table 5.2A: Baseline demographic and clinical characteristics of dental longitudinal study 
participants (n=670) 
Variables Frequency Proportion 
Total vitamin D intake 
< 400 IU/day 
400-800 IU/day 
≥ 800 IU/day 
 
478 
157 
35 
 
71.3% 
23.4% 
5.2% 
Education 
High school or less 
Some College or more 
 
194 
476 
 
29% 
71.0 
SES* 
Low 
Moderate 
High 
 
380 
231 
34 
 
58.9% 
35.8% 
5.3% 
Smoking Status 
Non-Smoker 
Current Smoker 
 
592 
78 
 
88.4% 
11.6% 
Dental Insurance 
Never 
In the Past 
Currently 
 
288 
92 
260 
 
45% 
14.4% 
40.6% 
*Socioeconomic Status was categorized to three categories: Low ($19,999 or less), Medium ($20,000-
$29,999) and high ($30,000 or above). 
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Table 5.2B: Baseline oral characteristics of dental longitudinal study participants (n=670) 
Variables Frequency Proportion 
Root caries experience % 
Sound 
Decayed 
Filled 
 
228 
256 
186 
 
34.0% 
38.2% 
27.8% 
Flossing Frequency 
Never 
At Least Once a Month 
 
237 
414 
 
36.4% 
63.6% 
Brushing Frequency 
1 or Less Times/Day 
2 or More Times/Day 
 
249 
402 
 
38.3% 
61.8% 
Fluoridated Mouthwash Use 
Never 
Once a Week or More 
 
616 
35 
 
94.6% 
5.4% 
Saliva 
Limited or Ropey 
Copious 
 
61 
606 
 
9.2% 
90.9% 
Dental Visit Frequency in The Past year 
None 
One or More Visit 
 
140 
513 
 
21.4% 
78.6% 
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 Table 5.3. Descriptive analysis of root caries status at baseline (n=670) 
 Figure 7: Distribution of decayed/filled roots across study sample at baseline   
Variables Average Minimum Maximum 
root decayed surfaces Mean ± SD 0.8 ±1.3 0 12 
root filled surfaces Mean ± SD 1.9 ±2.8 0 21 
root decayed teeth Mean ± SD 0.7 ±1.3 0 11 
root filled teeth Mean ± SD 1.8 ±2.5 0 16 
Root decayed filled teeth Median (IQR) 1(0,4) 0 17 
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a. Factors Associated with Total Vitamin D Intake: 
Table 5.4A summarizes the participant’s baseline characteristics by total vitamin 
D intake groups. Age was found to slightly increase as total vitamin D intake 
increased (p = 0.03). In contrast, men’s BMI somewhat decreased with older age 
(p = 0.09). The number of teeth present at baseline examination was not 
significantly associated with total vitamin D intake, with the lowest mean of teeth 
present (19.2 teeth) found among men with the highest levels of intake (≥ 800 
IU/day), while those with moderate or lower intakes both had a mean number of 
19.7 teeth. Men with intake less than 400 IU tended to be of lower education 
levels, whereas men with higher education took higher levels of vitamin D (≥ 800 
IU), the difference were statically significant. No statistically significant differences 
between the total vitamin D intake categories for smoking status or SES were 
found. 
The highest prevalence of root caries was amongst the group taking 400-
800 IU/day (40%), and lowest was for <400 IU (37.5%). Both 400-800 UI and ≥ 
800 IU had similar, lower frequencies of sound teeth (22.3% and 22.6%, 
respectively). Men taking low levels of total vitamin D had similar counts of sound 
and decayed root surfaces (38% vs. 37%), on the other hand the two highest 
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levels of intake had more decayed than filled root (40% vs. 37%). Differences 
were statistically significant. (P = 0.001).  
Brushing and flossing frequencies were similar across all three classes, 
however, statistically insignificant. While the majority of the study sample never 
used fluoridated mouthwash, men taking <400 IU had the lowest record of using 
fluoridated mouth wash once a week or more (p = 0.02). Plaque deposit score was 
found to be almost the same across different total vitamin D intake levels (p = 
0.89). Fair salivary flow was found across the different total vitamin D intake levels. 
Although most men were not under current dental insurance coverage across the 
intake levels, the majority reported visiting the dentist at least once in the past 
year. Insurance and dental visit distributions did not seem to differ across the 
vitamin D groups (P-values >0.05). (Table 5.4B). 
Table 5.5A presents the results of the comparisons between the log total 
vitamin D and demographic variables. Pearson correlation analysis was computed 
to assess the relationship between the log-transformed vitamin D consumption and 
other continuous variables including age, number of teeth, and BMI. Overall, there 
was a positive correlation between vitamin D consumption and age. Increases in 
vitamin D consumption were correlated with increases in age, r = 0.14, p = 0.0004.  
In contrast, BMI demonstrated a negative correlation with total vitamin D intake, 
with those having greater intake being of lower BMI (r = -0.1, p = 0.03). Number of 
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teeth present, education level attained, SES and smoking showed were non-
significant relationships with total vitamin D intake.  
Table 5.5B presents the bivariate analyses comparing log total vitamin D 
intake to various oral health related variables. Log total vitamin D intake levels 
had a statistically significant association with root caries experience, where men 
with sound roots had the lowest mean total vitamin D intake (5.4± 0.7), followed 
by those with decayed roots (5.6 ±0.7), and men with filled roots had the highest 
intake (5.7± 0.7). Generally, significantly higher mean of log transformed total 
vitamin D intake levels were found for men that more frequently used mouthwash 
or who visited the dentist one or more times in the previous year. No other oral 
health-related variables demonstrated statistically significant differences in Total 
vitamin D intake.  
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Table 5.4A. Bivariate analysis of total vitamin D intake with demographic variables of the study 
population at baseline (n=670) column % 
a Difference between levels of vitamin D daily intake, P value < .05, Analysis of variance  
b Differences between levels of vitamin D daily intake, p value <.05, Chi-Square test.  
c Differences between levels of vitamin D daily intake, P value < .05, Fisher Exact test.  
  
Variables Total Vitamin D intake (IU/Day) 
<400 IU 400-800 IU ≥ 800 IU P-Value** 
Age  a Mean ±  SD 66.4 ± 7.6 68 ± 7.3 68.5 ± 7.6 0.03 
Number of teeth present a 
Mean ±  SD 
19.7 ± 8 19.7 ± 7.3 19.2 ± 8.5 0.93 
BMI a   Mean ±  SD  27.2 ± 3.7 26.8 ± 3.4 26 ± 3.6 0.09 
Education b %  
High school or less 
Some College or more 
 
(154) 32.2% 
(324) 67.8% 
 
(30) 19.1% 
(127) 80.9% 
 
(10) 28.6% 
(25) 71.4% 
0.01 
SES c   %  
Low 
Moderate 
High 
 
(268) 58.1% 
(166) 36.0% 
(27) 5.9% 
 
(88) 58.3% 
(57) 37.8% 
(6) 4% 
 
(24) 72.7% 
(8) 24.2% 
(1) 3.0% 
0.53 
Smoking Status c %  
Non-Smoker 
Current Smoker 
 
(417) 87.2% 
(61) 12.8% 
 
(141) 89.8% 
(16) 10.2% 
 
(34) 97.1% 
(1) 2.9% 
0.18 
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Table 5.4B. Bivariate analysis of total vitamin D intake with oral health related variables of the 
study population at baseline (n=670) column % 
a Difference between levels of vitamin D daily intake, P value < .05, Analysis of variance  
b Differences between levels of vitamin D daily intake, p value <.05, Chi-Square test. 
c Differences between levels of vitamin D daily intake, P value < .05, Fisher Exact test.  
  
Variables 
Total Vitamin D intake (IU/Day)(N) % 
<400 IU 400-800 IU ≥ 800 IU P-Value 
Total plaque deposit score a 
Mean ±  SD 15.3 ± 9.5 15.6 ± 8.5 15.9 ± 9.4 0.89 
Root caries experience b 
Sound 
Decayed 
Filled 
 
38.7% 
37.5% 
23.9% 
 
(31) 22.3% 
(56) 40.3% 
(52) 37.4% 
 
(12) 22.6% 
(21) 39.6% 
(20) 37.7% 
0.001 
Flossing Frequency b 
Never 
At Least Once a Month 
 
(170) 36.5% 
(296) 63.5% 
 
(54) 35.5% 
(98) 64.5% 
 
(13) 39.4% 
(20) 60.6% 
0.91 
Brushing Frequency b 
1 or Less Times/Day 
2 or More Times/Day 
 
(187) 40.1% 
(279) 59.9% 
 
(49) 32.2% 
(103) 67.8% 
 
(13) 39.4% 
(20) 60.6% 
0.22 
Fluoridated Mouthwash Useb 
Never 
Once a Week or More 
 
(448) 96.1% 
(18) 3.9% 
 
(139) 91.5% 
(13) 8.6% 
 
(45) 87.9% 
(5) 12.1% 
 
0.02 
Saliva b 
Limited or Ropey 
Copious 
 
(43) 9.0% 
(433) 91% 
 
(13) 8.3% 
(143) 91.7% 
 
(5) 14.3% 
(30) 85.7% 
 
0.53 
Dental Visit Frequency in 
The Past year b 
None 
One or More Visit 
 
 
(108) 23.1% 
(359) 76.9% 
 
 
(27) 17.8% 
(125) 82.2% 
 
 
(5) 14.7% 
(29) 85.3% 
0.23 
Dental Insurance % c` 
Never 
In the Past 
Currently 
 
(206) 45.2% 
(67) 14.7% 
(183) 40.1% 
 
(68) 45.0% 
(21) 13.9% 
(62) 41.1% 
 
(14) 42.4% 
(4) 12.1% 
(15) 45.5% 
0.99 
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Table 5.5A. Bivariate analysis of log total vitamin D intake with key variables of the study 
population at baseline (n=670) column % 
Variables 
Log Total Vitamin D intake (IU/Day) 
Estimate P-Value** 
Age a R 0.1 0.0004 
Number of teeth present a R 
 
0.03 0.398 
BMI  a R -0.1 0.024 
Education b Mean±SD  
High school or less 
Some College or more 
 
5.5 ± 0.7 
5.6 ± 0.7 
0.055 
 
SES* % b Mean±SD 
Low 
Moderate 
High 
 
5.6 ± 0.7 
5.5 ± 0.8 
5.5 ± 0.7 
0.059 
 
Smoking Status b Mean±SD 
Non-Smoker 
Current Smoker 
 
5.6 ± 0.7 
5.4 ± 0.7 
0.084 
a Difference between levels of vitamin D daily intake, P value < .05, Pearson correlation 
b Differences between levels of vitamin D daily intake, p value <.05, Analysis of variance   
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Table 5.5B. Bivariate analysis of log total vitamin D intake with key variables of the study 
population at baseline (n=670) column % 
a Difference between levels of vitamin D daily intake, P value < .05, Pearson correlation 
b Differences between levels of vitamin D daily intake, p value <.05, Analysis of variance. 
  
Variables 
Log Total Vitamin D intake (IU/Day)(N) % 
Mean ±  SD P-Value** 
Total plaque deposit score a R 0.04 0.325 
Root caries experience b 
Sound 
Decayed 
Filled 
 
5.4 ± 0.7 
5.6 ± 0.7 
5.7 ± 0.8 
0.001 
Flossing Frequency b 
Never 
At Least Once a Month 
 
5.5 ±0.8 
5.6 ± 0.7 
0.276 
Brushing Frequency b 
1 or Less Times/Day 
2 or More Times/Day 
 
5.5 ± 0.8 
5.6 ± 0.7 
0.115 
Fluoridated Mouthwash Use b 
Never 
Once a Week or More 
 
5.5 ± 0.7 
5.8 ± 0.8 
0.036 
Saliva b 
Limited or Ropey 
Copious 
 
5.6 ± 0.8 
5.6 ± 0.7 
0.53 
Dental Visit Frequency in The 
Past year b 
None 
One or More Visit 
 
 
5.4 ± 0.8 
5.6 ± 0.7 
0.023 
Dental Insurance % b` 
Never 
In the Past 
Currently 
 
5.5 ± 0.7 
5.5 ± 0.7 
5.6  ± 0.8 
0.839 
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b. Factors Associated with Root Caries: 
Younger adults had more sound root surfaces, while older adults were more 
likely to have decayed or filled root surfaces compared to the younger adults (P 
= 0.002). Obese and underweight individuals seemed to have significantly 
higher frequencies of untreated carious roots, while normal weight individuals 
had similar percentages of decayed and filled root decay (P<0.0001). Decayed 
and filled significantly differed with different degrees attained (p<0.0001). Men 
with higher education levels were more likely to have decayed root surfaces, 
more sound surfaces, but less filled roots than those with less education. 
Smoking and socio economic status were not significantly associated with root 
surface status with P-values higher than 0.05 (Table 6.1A). 
 Men with fair OH were more likely to have sound roots, those with poor 
OH were more likely to have decayed surfaces, while those with good OH had 
slightly more filled surfaces. This was statistically significant with p-value = 0.05. 
Men that brushed 1 or fewer times/day had fewer carious and filled roots relevant 
to men who reported brushing 2 times or more a day. Furthermore, men who 
reported never flossing had more sound and less filled surfaces compared to 
men flossed more than once. Brushing and flossing difference were significant (P 
<0.05). About 50% of those with limited saliva had decayed surfaces while men 
with copious salivary flow had lower filled surfaces. Men reporting never having 
dental insurance coverage had higher incidences of decayed root surfaces, 
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especially comparing to those with current coverage (42% vs. 36%). Men with 
current coverages had fewer filled surfaces than men who do not or never have 
been covered. Differences were significant (p = 0.04). Twice as many men who 
reported visiting the dentist in the past year had filled surfaces when compared to 
those reported not having any visit (31% vs 15%). Decayed surfaces seemed to 
be similar between the two groups, while sound surfaces were very high among 
those who did not see a dentist (P <0.0001). The use of fluoridated mouthwash 
did not seem to have significant association with root surface status (p = 0.13) 
(Table 6.1B). 
A crude logistic regression analysis was run to measure the relationship 
between the binary root caries and total vitamin D intake by estimating 
probabilities of root caries occurrence at baseline. It showed that, compared to 
men with sufficient supplementation, those men taking the lowest total vitamin D 
levels (<400 IU/day) were 50% less likely to have root caries (OR = 0.5), while 
those take between 400-800 IU/day had 30% greater odds of developing root 
caries (OR = 1.3). However, these findings were not statistically significant at p-
value >0.05. Conversely, the association was found to be statistically significant 
upon using log- total vitamin D intake as the predictor in the model, revealing 
that, as total vitamin D daily intake increases by one unit, there was a 50% 
increased risk of developing root caries (OR = 1.5, p = 0.0002) (Table 6.2).   
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Table 6.1A. Bivariate analysis of root surface status by key variables of the study population 
at baseline (n=670) row % 
a Difference between levels of vitamin D daily intake, P value < .05, Analysis of variance  
b Differences between levels of vitamin D daily intake, p value <.05, Chi-Square test.  
*Underweight, normal, overweight, and obese were defined as <18.5 kg/m2, 18.5-25 kg/m2, <25-29.9 kg/m2, and 
≥ 30 kg/m2 respectively. 
  
Variables 
Root decayed and filled surfaces 
Sound Decayed Filled P-Value 
Age %a 
Adults (<65yeras) 
Older Adults (65+years) 
 
42.1% 
28.9% 
 
33% 
41.6% 
 
24.9% 
29.6% 
0.002 
BMI* a 
Underweight 
Normal 
Over weight 
Obese  
 
25% 
31.5% 
35.5% 
33.3% 
 
50% 
34.2% 
38.0% 
44.4% 
 
25% 
34.2% 
26.5% 
22.2% 
<.0001 
Education% b 
High school or less 
Some College or more 
 
(71)36.6% 
(157) 33% 
 
(95) 49% 
(161) 33.8% 
 
(28) 14.4% 
(158) 33.2% 
<.0001 
SES* % b 
Low 
Moderate 
High 
 
(127) 33.4% 
(85) 36.8% 
(8) 23.5% 
 
(139) 36.6% 
(95) 41.1% 
(17) 50% 
 
(114) 30% 
(51) 22.1% 
(9) 26.5% 
0.14 
Smoking Status % b 
Non-Smoker 
Current Smoker 
 
(200) 33.8% 
(28) 35.9% 
 
(223) 37.7% 
(33) 42.3% 
 
(169) 28.6% 
(17) 21.8% 
0.45 
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Table 6.1B. Bivariate analysis of root surface status by key variables of the study population at 
baseline (n=670) row % 
a Differences between levels of vitamin D daily intake, p value <.05, Chi-Square test.  
Variables 
Root decayed and filled surfaces 
Sound Decayed Filled P-Value 
Total plaque deposit score b 
Poor OH* 
Fair OH 
Good OH 
 
18.2% 
36.5% 
27.0% 
 
46.6% 
31.4% 
35.1% 
 
35.2% 
32.1% 
37.8% 
 
0.05 
Flossing Frequency b 
Never 
At Least Once a Month 
 
(91) 38.4% 
(130) 31.4% 
 
(95) 40.1% 
(153) 37% 
 
(51) 21.5% 
(131) 31.6% 
0.02 
Brushing Frequency b 
1 or Less Times/Day 
2 or More Times/Day 
 
(103) 41.4% 
(118) 29.4% 
 
(92) 37% 
(156) 38.8% 
 
(54) 21.7% 
(128) 31.8% 
<0.01 
Fluoridated Mouthwash Usea 
Never 
Once a Week or More 
 
(212) 34.4% 
(9) 25.7% 
 
(237) 38.5% 
(11) 31.4% 
 
(167) 27.1% 
(15) 42.9% 
0.13 
Saliva a 
Limited or Ropey 
Copious 
 
(11) 18.0% 
(216) 35.6% 
 
(31) 50.8% 
(224) 37% 
 
(19) 31.2% 
(166) 27.4% 
 
0.02 
Dental Insurance % a 
Never 
In the Past 
Currently 
 
(86) 29.9% 
(32) 34.8% 
(100) 38.5% 
 
(121) 42.0% 
(26) 28.3% 
(94) 36.2% 
 
(81) 28.1% 
(34) 37% 
(66) 25.4% 
0.04 
Dental Visit Frequency in 
The Past year a 
None 
One or More Visit 
 
 
(69) 49.3% 
(153) 29.8% 
 
 
(50) 35.7% 
(198) 38.6% 
 
 
(21) 15% 
(162) 31.6% 
<0.0001 
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Table 6.2: Logistic regression model between root caries (Yes, No) and total vitamin D 
intake (baseline n= 670) 
  
Total Vitamin D Intake Crude OR 95% CI P-Value 
<400IU/Day 0.5 0.3, 1.2 0.13 
400-800IU/Day 1.3 0.5, 2.9 0.60 
>800IU/Day Ref. - - 
LOG Total Vitamin D 1.5 1.2, 1.9 0.0002 
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Multivariate Analysis 
a. Fixed Effect Regression: 
To assess the net effect of total vitamin D intake levels on the status of root 
surfaces in the DLS cohort, the fixed effect model was run to eliminate the effect 
of any time-variant factors that are within the individual and which might affect 
the relationship between the predictor and outcome. 
For this model we dichotomized the outcome into sound or decayed root 
surfaces; merging any new filling and decay together. Approximately 41% had 
carious or filled root surfaces while 59% had sound roots. The model included 
variables that were either significant predictors of root caries or confounders of 
the association between total vitamin D intake and root caries including: age, 
education, BMI, number of teeth, total plaque score, smoking status, flossing 
frequency, brushing frequency, and the number of dental visits in the past year. 
The crude fixed effect model, which controlled for the correlated data 
structure, revealed that the odds of root caries in white men with <400 IU/day 
intake levels are estimated to be 3.7 times the odds of those with intake >800 
IU/day, and this was significant (p-value 0.04). However, Individuals taking 400-
800 IU/day did not differ statistically from those with higher supplementation. 
(Table 7.1). Total vitamin D intake was not found to be statistically related to root 
caries development after controlling for other confounders. This model indicated 
that as men become one year older, they are 1.1 times more likely to develop 
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root caries (OR = 1.1). likewise, as the teeth present in the mouth increased by 
one tooth, there was 10% more risk of expiring root caries, both findings were 
statically significant (p-value <0.001, 0.003 respectively). Also, Men who reported 
not visiting the dentist in the past year had 10% decreased risk of developing 
dental caries compared to those who had at least one visit, it was marginally 
significant with p-vale = 0.087 (Table 7.2A). 
  Fixed effect regression models were also performed to assess root caries 
experience utilizing the Log-transformed total vitamin D intake. It showed, that for 
every unit increase in daily total vitamin D intake, men had 20% more the odds of 
developing root caries with a significant p-value = 0.007. (Table 7.1). After 
controlling for confounders, it yielded the same odds ratio and it was still statically 
significant (P = 0.011). Once more, subject’s age and number of teeth showed a 
statistically significant relationship (OR = 1.1) for root caries development (P-
value <0.0001, 0.001 respectively) (Table7.2B).  
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Table 7.1: Fixed effect regression model to estimate the association of different levels of total 
vitamin D intake and root caries (Yes, No) (multiple cycles n=2,008) 
*Model included subjects who participated in at least two cycles of the DLS 
 
Total Vitamin D 
Intake Crude OR* CI P-value 
<400IU/Day 3.7 1.0, 1.7 0.04 
400-800IU/Day 2.5 0.7, 1.2 0.41 
>800IU/Day 
 
LOG Total Vitamin D 
- 
 
1.2 
- 
 
0.04, 0.3 
- 
 
0.007 
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Table 7.2A: Fixed effect regression model including selected covariates to estimate the 
effect of total vitamin D intake levels on root caries development (multiple cycles n=2,008) 
Label OR CI P-Value 
Total Vitamin D Intake  
< 400 IU 
400-800 IU 
>800IU/Day 
 
0.7 
1.1 
Ref 
 
-0.6, 0.1 
-0.2, 0.5 
- 
 
0.119 
0.509 
- 
Age 1.1 0.04, 0.1 <0.0001 
BMI 1.0 -0.1, 0.1 0.908 
Number of teeth  1.1 0.04, 0.2 0.003 
Plaque score 1.0 -0.01, 0.01 0.929 
Education 
High school or less 
Some College or more 
 
2.0 
 
-0.8, 2.3 
 
0.365 
Ref - - 
Smoking Status 
Non-Smoker 
Current Smoker 
 
0.9 
 
-0.6, 0.3 
 
0.614 
Ref - - 
Flossing Frequency 
Never 
At Least Once a Month 
 
1 
 
-0.2, 0.1 
 
0.735 
Ref - - 
Brushing frequency 
1 or Less Times/Day 
2 or More Times/Day 
 
1.1 
 
-0.1,0.3 
 
0.335 
Ref - - 
Dental Visit Frequency in The Past year 
None 
One or More Visit 
 
 
0.9 
 
 
-0.2, 0.2 
 
 
0.087 
Ref - - 
*Model included subjects who participated in at least two cycles of the DLS   
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Table 7.2B: Fixed effect regression model including selected covariates to estimate the effect of 
total vitamin D intake (log-transformed) on root caries development (multiple cycles n=2,008) 
*Model included subjects who participated in at least two cycles of the DLS 
 
Label OR CI P-Value 
Total Vitamin D Intake 1.2 0.05- 0.4 0.011 
Age 1.1 0.04 - 0.1 <.0001 
BMI 10 -0.1 - 0.1 0.816 
Number of teeth 1.1 0.04 - 0.2 0.001 
Plaque score 1.0 -0.01 - 0.01 0.917 
Education 
High school or less 
Some College or more 
 
2.0 
 
-1.5 -2.9 
 
0.535 
Ref - - 
Smoking Status 
Non-Smoker 
Current Smoker 
 
0.7 
 
-1.1 - 0.6 
 
0.515 
Ref - - 
Flossing Frequency 
Never 
At Least Once a Month 
 
1.0 
 
-0.3 - 0.03 
 
0.977 
Ref - - 
Brushing frequency 
1 or Less Times/Day 
2 or More Times/Day 
 
1.2 
 
-0.2 - 0.5 
 
0.301 
Ref - - 
Dental Visit Frequency in The Past year 
None 
One or More Visit 
 
0.8 
 
-0.5 - 0.04 
 
0.092 
Ref - - 
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b. Survival Analysis: 
To analyze time to event, which in this study is defined as time to root caries 
development, and to handle time-varying covariates, Cox Proportional Hazard 
modeling was used. Independent variables were added to explore their effect on 
the survival of the participant’s root surfaces. Variables that can change value 
over the course of the observation period included: total vitamin D intake, number 
of teeth, smoking, number of dental visits in the past year, plaque deposit score, 
flossing and brushing frequencies. Other non-time variant variables were also 
included in the model, such as age, BMI and education, and their baseline 
designations were applied.  
The dichotomized root caries variable was used as the outcome or the 
“event” in this model; where if a new carious lesion or a new filling occurred after 
baseline examination, the event is equal to 1, while no caries or filling would 
equal 0. The Cox model shows that total vitamin D intake level had no effect in 
reducing the occurrence of root caries as this finding was not statically significant 
(HR = 1; p = 0.89). Using log-transformed total vitamin D intake, the model 
indicates that the level of total vitamin D intake had 10% reduction in the 
development of root caries, however this relationship was not significant (Table 
8.1).  
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Table 8.1: Survival analysis (Cox Proportional Hazard) to estimate time to root caries 
development. 
*Model included all other covariates. 
 
Variable Hazard Ratio* CI P-Value 
Total Vitamin D intake 1 0.99, 1.00 0.89 
Log- Total Vitamin D intake 0.9 0.6, 1.5 0.77 
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V. DISCUSSION 
In the first part of this study, we inspected the association between serum vitamin 
D levels and coronal dental caries using a nationally representative sample. The 
second part investigated whether total vitamin D intake levels were associated 
with root caries development in older men using longitudinal data. 
 Our findings suggest that with marginal significance, children (6-11 years) 
with insufficient levels of vitamin D (51-74 nmol/L) have 1.3 times the odds of 
ever developing dental caries relevant to those with sufficient serum levels, p-
value = 0.067. This appears to corroborate the conclusion of earlier research, 
showing an inverse relationship between serum vitamin D level and dental caries 
occurrence among children with vitamin D concentrations ≥50 nmol/L (Schroth et 
al. 2015). A study done on children (mean age 40.8 ± 14.1 months) found that 
Low 25(OH)D levels (<35 nmol/L) were significantly associated with a higher 
prevalence of severe early childhood caries (p < 0.001) (Schroth et al. 2013). 
Our results also suggest that racial and ethnic disparities among children 
in the US maybe affecting the relationship between vitamin D and dental caries. 
We found that white children with deficient 25(OH)D levels, had lower odds (OR 
= 0.6) of developing dental caries in primary teeth when compared to white 
children with sufficient levels and the difference was statistically significant (p-
vale = 0.023).We also found that, girls with insufficient serum levels of vitamin D 
displayed more significant odds (p = 0.089) for developing dental caries 
compared to boys (p = 0.337). Previous studies have reported that the 
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effectiveness of vitamin D on health in general tend to decrease as age 
increases, especially for girls, which could be explained by the differences in 
growth and body fat content between boys and girls (Hujoel 2013).  
The relationship between permanent teeth dental caries experience and 
serum vitamin D level wasn’t in the direction we anticipated, every unit decrease 
in serum 25(OH)D for individuals between 12-65 years reduced the chance of 
developing caries in permanent dentition. Although insignificant with p-values 
equal to .614 and .842, this might be in line with the suggestion of Day et al. 
(1934), that the effect vitamin D supplementation has on teeth and dental caries 
is limited for ages 14 and over. On the other hand, these results refute those of 
the recent investigation done by (Antonenko et al. 2015) on a cohort of women 
with mean age 23 years. They found that 25(OH)D level among highest caries 
group vs. the lowest groups were 23 ±1.7 vs. 26 ±1ng/mL, concluding that 
Inadequacy (52-72 nmol/L) or deficiency (≤50 nmol/L) of vitamin D was 
associated with higher cariogenic risk as compared to vitamin D sufficiency (≥75 
nmol/L) (p<0.05). Kühnisch et al. (2015) concluded that higher 25(OH)D values 
were associated with a lower number of caries-affected permanent teeth. 
Perhaps the cause of these finding is the lack of important factors that could 
confound the relationship between vitamin D and dental caries like sun or fluoride 
exposure, and the lack of information about the season when the exam took 
place. Our results implied that the relationship between permanent teeth and 
vitamin D might be affected by age and race/ethnicity. There were statistically 
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significant differences in caries experience among individuals 12 to18 years old 
with insufficient 25(OH)D levels (p = 0.022), this could confirm what we 
previously found in regards to the reduced effectiveness of vitamin D with the 
increase in age. Moreover, we found that Hispanic individuals with deficient 
levels (p = 0.059) and those who identified themselves as other race who had 
deficient or insufficient levels (p = 0.064 and 0.036 respectively) had higher 
means of dental caries in their permeant teeth. Non-White race/ethnicity has 
been found to be a strong predictor for vitamin D deficiency, this is explained by 
the increase in skin melanin that reduces vitamin D skin synthesis (Kumar et al. 
2009). Race/ ethnicity is also a strong risk factor for oral health burden in 
general (Caplan and Weintraub 1993) and especially dental caries (Vargas et al. 
1998; Reid et al. 2004). In the U.S. the prevalence for untreated dental caries 
was found to be as twice as high among black and Mexican-American persons 
when compared to white across all ages (5-57+years) (Bruce A. Dye et al. 2012) 
In an effort to investigate the effect of total vitamin D intake on root caries, 
we found that men who consumed 400-800 IU of vitamin D daily had higher odds 
of developing root caries than those taking higher amounts (OR = 1.1). 
Furthermore, less than 400 IU/day consumption of vitamin D showed to be 
protective against root caries in older men (OR = 0.7). Both readings were not 
statistically significant. The lack of association could be explained by cohort 
effect, that grouping men according to their vitamin D intake could potentially 
congregate men with low levels of serum vitamin D and or men with vitamin D 
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malabsorption conditions that requires a higher intake and supplementation. 
Which could mean that men in the higher intake group are rather those with the 
most health problems and those in lowest intake levels have optimal vitamin D 
serum levels hence the lower root caries observation (Hoffmann et al. 2015; 
Dawson-Hughes et al. 2010). Also, dietary and serum vitamin D do not correlate 
well, most of the serum vitamin D level is determined by sun exposure rather 
than diet. A study assessing latitude and season effect on sun exposure and 
vitamin D skin synthesis, they found that between the months of November 
through February, little to none vitamin D is produced by the skin of subjects 
residing in Boston (Webb et al. 1988). And since the DLS exclusively include 
men in the Boston area, lower serum levels of vitamin D could be a valid 
explanation to the higher intake among men of our sample. 
Moreover, it has been noted that in the DLS, the occurrence of root caries 
was underestimated for two reasons, subgingival calculus was not removed 
before the DLS dental exam masking any carious lesions underneath, also, the 
lack of information about the root status of teeth that were lost in the years 
between the follow up exams (Kaye et al. 2015). Additional reason for these 
results might be the heavily skewed vitamin D intake variable. Therefore, Log-
transformed vitamin D intake logarithmic transformed vitamin D intake was 
utilized in order to pull the outlying data to a more normalized distribution. The 
results after controlling for confounders were that subjects had higher risk of 
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developing root caries for every IU increase of vitamin D intake (OR = 1.2, P = 
0.011) . Several factors influence vitamin D absorption by the body (Holick et al. 
2008). As age increases, the ability to fully absorb vitamin D decreases (Tsiaras 
et al. 2011). Also, since vitamin D is a fat soluble, fat cells pick up vitamin D 
hindering body absorption (Dawson-Hughes et al. 2010). And therefor, compared 
to leaner individuals, overweight had less 25(OH)D concentrations after 
supplementation with vitamin D and after exposure to ultraviolet radiation 
(Wortsman et al. 2000). In the current study, we found that men taking more than 
800 IU were on average 68.5 years old (± 7.6) and overweight (Mean 26 ± 3.6 
kg/m2) indicating a probable limited absorption even though higher amount of the 
vitamin is being taken. (Holick and Chen 2008). According to Holick (2009), 
determining vitamin D status should only be done using 25(OH)D. 
The hazard ratio estimate of root caries for every IU increase in vitamin D 
intake overtime, showed no effect in reducing the occurrence of root caries. 
Conversely, the use of log-transformed vitamin D intake in our model yielded an 
inverse association, where every unit increase in vitamin D reduced the risk of 
root caries by 10%. Nonetheless, this was not statically significant. A possible 
limitation for this estimate is the calculation of the concurrent amounts of vitamin 
D intake at the time of root caries incidence, which might not really reflect the 
exposure needed to protect against its occurrence. 
In order to estimate vitamin D through dietary intake, information required 
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include content of vitamin D in food and supplement, and how much and how 
often they are being taken for. However, in the US, there is a persistent problem 
of accurately acquiring accurate and complete information about food content of 
vitamin D (Yetley 2008). Finally, our findings for the association between vitamin 
D total intake and root caries were not based on a prior hypothesis; it is therefore 
possible that chance alone explains these results. However, based on the 
evidence of the positive effect vitamin D has on periodontal health (Miley et al. 
2009; Garcia et al. 2010; Alshouibi et al. 2013), a suggestion of a possible role 
for vitamin D in reducing the risk of root caries could be inferred and further 
investigation is required to confirm or negate our findings. 
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STUDY STRENGTHS AND LIMITATIONS 
This study would contribute to the literature with robust results for several 
reasons. Analyzing NHANES, which is a large population-based study using well-
collected national data, will enhance the statistical reliability and generalizability 
of the results. Additionally, the use of 25(OH)D which is a consistent measure for 
individual’s overall vitamin D status. On the other hand, using the DLS data 
provides this analysis with a strong rich data as it is a longitudinal data collected 
on a relatively large sample size. Not only the outcome root caries was measured 
repeatedly over time, total vitamin D intake has also been measured 
longitudinally. Furthermore, to our knowledge, this study is the first to provide an 
insight about the relationship between vitamin D and root caries experience. 
 This study had several limitations. First, our inability to conclude causality 
due to the cross-sectional nature of NHANES. We were also limited by the 
absence of some important potential confounders that might play a role in the 
association between vitamin D and dental caries including sun exposure, season 
when the exam took place, geographic home location and fluoride exposure. 
Moreover, due to the cross sectional nature of the NHANES, data did not provide 
enough information about individual’s past vitamin D experience.  
Similarly, the use of the DLS introduced a number of weaknesses including 
the inability to generalize the findings of the study to the population due to the 
dominance of white male men. Additionally, men in the DLS differed than the 
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general population by their occupation, socioeconomic status and accessibility to 
health care providers. For instance few of them had any hazardous 
environmental conditions or exposures, while most of them had administrative 
roles (Kaye et al. 2015). Another limitation we faced using the DLS was the use 
of dietary vitamin D intake to measure person’s vitamin D level instead of using a 
more robust method of measuring the serum vitamin D. DLS data included no 
information regarding sun exposure and detailed information regarding vitamin D 
supplementation.  
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CONCLUSION 
Vitamin D has been suggested to be an important contributing factor for a 
number of chronic diseases. Supplementation has been used to treat or improve 
the conditions or for prevention. Our results showed an association between 
vitamin D serum level and primary dentition. However, permanent dentition did 
not seem to be affect by the level of vitamin D. The results of this study, while 
adding new information, provide inconclusive evidence of the association 
between vitamin D and dental caries. Further investigation is needed to deepen 
our understanding of the role of vitamin D on dental caries development. More 
research needs to be done to investigate the relationship between caries of 
primary dentition and serum vitamin D level. If a strong association is confirmed, 
determining clear cut-off points that protect against caries development would be 
beneficial. Also, further analysis is required to assessing serum level effect on 
root caries. 
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